FLORIDA INTERNATIONAL UNIVERSITY
Miami, Florida

IDENTIFYING GAY NEIGHBORHOODS AND ESTIMATION OF THE SIZE OF
THE MEN WHO HAVE SEX WITH MEN POPULATION IN FLORIDA WHO
WOULD BENEFIT FROM PRE-EXPOSURE PROPHYLAXIS

A dissertation submitted in partial fulfillment of the
requirements for the degree of
DOCTOR OF PHILOSOPHY
in
PUBLIC HEALTH
by
Daniel Mauck
2019

To: Dean Tomás R. Guilarte
Robert Stempel College of Public Health and Social Work
This dissertation, written by Daniel Mauck, and entitled Identifying Gay Neighborhoods
and Estimation of the Size of the Men Who Have Sex with Men Population in Florida
Who Would Benefit from Pre-exposure Prophylaxis, having been approved in respect to
style and intellectual content, is referred to you for judgment.
We have read this dissertation and recommend that it be approved.

_______________________________________
Kristopher Fennie
_______________________________________
Gladys Ibañez
_______________________________________
Eric Fenkl
_______________________________________
Mary Jo Trepka, Major Professor
Date of Defense: June 26, 2019
The dissertation of Daniel Mauck is approved.

_______________________________________
Dean Tomás R. Guilarte
Robert Stempel College of Public Health and Social Work
_______________________________________
Andrés G. Gil
Vice President for Research and Economic Development
and Dean of the University Graduate School

Florida International University, 2019

ii

© Copyright 2019 by Daniel Mauck
All rights reserved

iii

DEDICATION
This dissertation is dedicated to my late mother, and to family and friends who supported
and encouraged me during this academic journey.

iv

ACKNOWLEDGMENTS
I thank my major professor, Dr. Trepka, for her patience, support, and critical
feedback towards ensuring the success of this dissertation. I am also grateful for the
critical feedback and continual encouragement from Drs. Fennie, Ibañez, Fenkl, and
Sheehan. I am also appreciative for the support from my cohort, PhD students, and
faculty in the Department of Epidemiology.
This work was supported by the Epidemiology Departmental Graduate
Assistantship and University Graduate School Dissertation Year Fellowship from Florida
International University. The content is solely the responsibility of the authors and does
not represent the views of Florida International University.

v

ABSTRACT OF THE DISSERTATION
IDENTIFYING GAY NEIGHBORHOODS AND ESTIMATION OF THE SIZE OF
THE MEN WHO HAVE SEX WITH MEN POPULATION IN FLORIDA WHO
WOULD BENEFIT FROM PRE-EXPOSURE PROPHYLAXIS
by
Daniel Mauck
Florida International University, 2019
Miami, Florida
Professor Mary Jo Trepka, Major Professor
Given the potential benefit of pre-exposure prophylaxis (PrEP) among men who
have sex with men (MSM) at risk for human immunodeficiency virus (HIV), it would be
useful to assess the size of the at-risk population and their geographic distribution to
target PrEP and other prevention programs efficiently. In 2017, Florida ranked third for
HIV diagnosis rates in the US, and 63% of those who received a new HIV diagnosis in
Florida were MSM. The purpose of this dissertation was to 1) summarize populationbased methods to estimate the size of the population of MSM, 2) identify gay
neighborhoods using latent class analysis (LCA), and 3) estimate the size of the MSM
population in Florida.
A systematic review of population-based methods to estimate the size of the
MSM population was conducted. Twenty-eight studies met inclusion criteria. Sixteen
studies were conducted in the US, five in European countries, two in Canada, three in
vi

Australia, one in Israel, and one in Kenya. Men who have sex with men made up 0.03–
6.4% of men among all studies and ranged from 3.8–6.4% in the US, 7,000–39,100 in
Canada, 0.03–6.5% in European countries, and 127,947–182,624 in Australia.
Latent class analysis was used to identify gay neighborhoods in Florida. Data at
the ZIP code level was drawn from the 2011–2015 ACS, website lists of gay bars and
neighborhoods, and the Florida Department of Health’s HIV surveillance system. A twoclass model was selected. About 9% of the ZIP code data were in class two (gay
neighborhoods). Cohen’s kappa coefficient was used to examine agreement between the
classification of ZIP codes from LCA and gay neighborhoods from websites. Fair
agreement was found (0.2501).
Three methods were used to estimate the MSM population in Florida with highrisk behaviors that would indicate eligibility for PrEP use. The resulting three estimates
were averaged, and the number of MSM living with HIV infection in each ZIP code was
subtracted. The average MSM estimate in ZIP codes ranged from 1–2,184 men (1.5–
22.9%). The presumed HIV-negative MSM estimate in ZIP codes ranged from 1–1,346
men (0.02–12.7%). Indications for PrEP were highest for MSM with more than one sex
partner in the past year and lowest when the estimate was multiplied by 24.7% (percent
of MSM with PrEP indications from other studies).
In conclusion, there is no widely accepted method to estimate the size of the
MSM population, and estimates vary substantially based on the method used. Therefore,
it would be prudent to consider a range of estimates in planning HIV prevention efforts.
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Introduction
Male-to-male sexual contact accounted for 66.6% of new human
immunodeficiency virus (HIV) diagnoses in 2017 and 72% of existing HIV infections
at the end of 2016 in the United States (US) (CDC, 2018). Florida ranked third in the
US for HIV diagnosis rates in 2017 (CDC, 2018). The Miami-Fort Lauderdale-West
Palm Beach, FL metropolitan statistical area (MSA) had 35.3 HIV diagnoses per
100,000 population in 2017, the highest rate in the US (CDC, 2018). The OrlandoKissimmee-Sanford, FL MSA ranked second in the US with 28.6 HIV diagnoses per
100,000 population while the Jacksonville, FL MSA was ranked seventh (23.5 per
100,000) (CDC, 2018). Men who have sex with men (MSM) can be at high risk for
HIV, but accurate estimates of this population are hard to obtain because census
systems typically do not ask about sexual behavior or orientation, surveys are
challenged with concerns about stigma, and measurement issues related to different
domains of sexual orientation (e.g. behavior, identity, or attraction) (Wesson et al.,
2017; Purcell et al., 2012).
Several methods have been developed to estimate the size of hard-to-reach
populations (Wesson et al., 2017). Among these, population-based methods to
estimate the size of the MSM population use the size of the general population
combined with data on HIV prevalence among MSM from surveillance systems, the
percentages of men reporting same-sex experience, attraction, or identity from large,
national health surveys, or male-male unmarried partner household data from the US
Census Bureau to produce estimates of MSM (Wesson et al., 2017; Grey et al., 2016).
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It is difficult to estimate the size of this population directly due to stigma. Therefore,
researchers have examined data about behavioral characteristics, attraction, or
identity. Based on the specific calculation method, there may be men missing from
the estimate if they have sex with men but do not consider themselves gay or
bisexual. Many MSM identify as gay or bisexual, but not all (Grey et al., 2016).
Other methods have been used to estimate population sizes and include capturerecapture, network scale-up, wisdom of the crowds, multiplier, and Delphi (Wesson
et al., 2017; Abdul-Quader et al., 2014).
The National HIV/AIDS Strategy strives to increase HIV prevention efforts in
communities with high rates of HIV transmission and recommends focusing on highrisk populations, such as MSM (Office of National AIDS Policy, 2015). Strategies
have been adopted by MSM to reduce the risk of HIV transmission (van den Boom et
al., 2014). Serosorting, where MSM engage in unprotected anal intercourse with
other MSM of the same HIV status, is common (van den Boom et al., 2014). This
strategy is not without flaws; both partners must accurately know their status, disclose
their status honestly, and should be tested frequently to be sure they have not acquired
HIV (van den Boom et al., 2014). Condoms are another strategy to reduce the risk of
HIV transmission. A study among MSM in San Francisco found that the consistent
use of condoms decreased from 36.8% in 2004 to 18.3% in 2014 (Chen et al., 2016).
Concordant and discordant condom use decreased among HIV-positive and HIVnegative MSM in a study using data from the National HIV Behavioral Surveillance
system (Paz-Bailey et al., 2016). In a study with data from the American Men’s
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Internet survey, HIV-positive participants were more likely to have had condomless
sex in the past twelve months and condomless sex with a serodiscordant or unknown
status partner compared to HIV-negative MSM (Zlotorzynska et al., 2019).
Tailoring HIV prevention strategies to whether MSM live in gay
neighborhood or not or rural versus urban areas could be another strategy to reduce
HIV transmission. Gay neighborhoods can be defined as areas within a city that
foster a sense of community for gay men due to a higher proportion of homes
occupied by gay men and businesses owned by or supportive of gay men (Buttram &
Kurtz, 2013). The first distinct gay neighborhoods emerged after World War II when
discharged members of the military settled in port cities (Spring, 2013). Bars in gay
neighborhoods established social networks that made sexual minorities visible to one
another and fostered a sense of community (Ghaziani, 2014). In the 1970s,
researchers reported that large cities gave rise to cultural and social institutions that
form the basis of gay neighborhoods (Buttram & Kurtz, 2013). The US Census
Bureau has collected data on same-sex unmarried partners since 1990, which has
provided data for the study of gay neighborhoods (Compton & Baumle, 2012).
There are mixed findings in the literature about risk or protective factors
associated with gay neighborhood residence. Some studies show that gay
neighborhoods facilitate HIV sexual risk behaviors and drug use, while others show
that they are protective for health (Buttram & Kurtz, 2013; Kelly et al., 2012;
Carpiano et al., 2011; Frye et al., 2010). A study conducted in South Florida found
that elevated rates of unprotected anal intercourse, methamphetamine use, and
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reduced levels of engagement in social activities were risk factors associated with
living in a gay neighborhood (Buttram & Kurtz, 2013). Gay neighborhood residence
was defined as residing in one of five zone improvement plan (ZIP) codes that
constitute the Wilton Manors area (Buttram & Kurtz, 2013). In a study conducted in
New York City, the use of drugs to enhance sexual experiences was more common
among men who lived in gay neighborhoods compared to men who did not
(aOR=2.08, 95% confidence interval [CI]=1.11–3.90) (Kelly et al., 2012). Gay
neighborhoods were defined using the percentage of male-male unmarried partner
households and social mapping (Kelly et al., 2012). A second study conducted in
New York City found higher odds of drug use among individuals who lived in gay
neighborhoods, had networks composed mainly of gay men, and had increased
socialization with other gay men (Carpiano et al., 2011). Gay neighborhoods were
defined using the percentage of male-male unmarried partner households from census
data and social mapping (Carpiano et al., 2011). Alternatively, another study
conducted in New York City found that neighborhood gay presence (percent of malemale unmarried partner households) was associated with consistently using condoms
during insertive (adjusted odds ratio [aOR]=1.3, 95% CI=1.0–1.6) and receptive anal
intercourse (aOR=1.4, 95% CI=1.1–1.6) (Frye et al., 2010).
More recently, gay individuals may be choosing to live outside of historically
gay neighborhoods (Spring, 2013). Historically gay neighborhoods appear to be deconcentrating as sexual minorities disperse across cities (Ghaziani, 2014). Based on
the 2010 Census, fewer same-sex partners lived in historically gay neighborhoods in
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2010 than in 2000 or 1990 (Ghaziani, 2014). Many studies have used the percent of
male-male unmarried partner households obtained from the census (Kelly et al., 2012;
Carpiano et al., 2011; Frye et al., 2010). This is self-reported, and misclassification
has been noted (O’Connell & Feliz, 2012). It is likely that 7% of opposite-sex
households were misclassified as same-sex unmarried partner households in the 2010
ACS (Krieder & Lofquist, 2015). None of the articles that have classified
neighborhoods as gay using census data has established a validated cutoff for
identifying gay neighborhoods (Frye et al., 2010; Buttram & Kurtz, 2013; Kelly et al.,
2012; Carpiano et al., 2011).
Rural MSM may face barriers to accessing HIV prevention services (Hubach
et al., 2017). Men who have sex with men who live in rural areas may have different
experiences with HIV prevention and treatment than those who live in urban areas.
Recent literature has found that MSM in rural areas have difficulty finding prevention
programs and HIV testing sites, do not believe HIV is a local threat, and do not
engage in HIV risk reduction (Hubach et al., 2017). Additionally, MSM that live in
rural areas may have limited access to HIV prevention services, such as pre-exposure
prophylaxis (PrEP) (Hubach et al., 2017).
Pre-exposure prophylaxis is a newer strategy to reduce the risk of HIV
infection and involves the regular use of antiretroviral drugs by a person whose HIV
status is negative to reduce the risk of HIV transmission from sexual contact with a
person who is living with HIV or someone of unknown HIV status (Jayakumaran et
al., 2016). Pre-exposure prophylaxis was approved by the US Food and Drug
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Administration in 2012 for populations at high risk of acquiring HIV (Garcia &
Harris, 2017). Pre-exposure prophylaxis has been shown to reduce new HIV
infections by over 90% among MSM in randomized trials, and the Centers for
Disease Control and Prevention (CDC) recommends its use among populations at
high risk of HIV infection (Hoots et al., 2014; Kelley et al., 2015). Levels of uptake
and awareness of PrEP among MSM are low, which represents a missed opportunity
for HIV prevention efforts (Elsesser et al., 2016). If 40% of HIV-negative MSM
were taking PrEP, it is estimated that about 25% of new infections could be prevented
over a 10-year period (Kelley et al., 2015). Increasing the PrEP coverage to 80%
could prevent 40% of new infections over 10 years (Kelley et al., 2015). In 2014, the
US Public Health Services released guidelines for PrEP use among high-risk groups
(US Public Health Service, 2014). Given the large potential benefit of widespread
PrEP use among MSM at high risk for HIV infection, it would be useful to assess the
size of the at-risk population and their geographic distribution so that prevention
programs can be targeted efficiently.
In conclusion, there is no widely accepted method to estimate the size of the
MSM population, and estimates vary substantially based on the method used.
Therefore, it would be prudent to consider a range of estimates in planning HIV
prevention efforts
This dissertation aimed to summarize population-based methods to estimate
the size of the population of men that have sex with men, identify gay neighborhoods
using the percent of male-male unmarried partners, the density of gay bars, and HIV
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prevalence data for MSM using latent class analysis (LCA), and estimate the size of
the MSM population in Florida by zone improvement plan (ZIP) code, rural/urban
residence, county, and indications for pre-exposure prophylaxis (PrEP) use. This
dissertation contributes to the field specifically by estimating the size and location of
the MSM population, which could help with HIV prevention planning for this highrisk group. Secondly, it contributes to the field generally, by examining and
comparing various proposed methods for estimating size and location of MSM
populations; this will help to advance he methods and understanding on how to
enumerate and estimate populations that are difficult to define.
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Manuscript 1
© Copyright 2019
Population-based methods for estimating the number of men who have sex with
men: A systematic review
Abstract
The objective of this systematic review was to summarize population-based
methods (i.e., methods that used representative data from populations) for estimating
the population size of men who have sex with men (MSM), a high-risk group for
human immunodeficiency virus (HIV) and other sexually transmitted infections
(STI). Studies using population-based methods to estimate the number or percent of
MSM or gay men were included. Twenty-eight studies met inclusion criteria. Seven
studies used surveillance data, eighteen studies used survey data, and six studies used
census data. Sixteen studies were conducted in the United States (US), five in
European countries, two in Canada, three in Australia, one in Israel, and one in
Kenya. Men who have sex with men accounted for 0.03% to 6.5% of men among all
studies and ranged from 3.8% to 6.4% in the US, 7,000 to 39,100 in Canada, 0.03%
to 6.5% in European countries, and 127,947 to 182,624 in Australia. Studies using
surveillance data obtained the highest estimates of the MSM population size while
those using survey data obtained the lowest estimates. Studies also estimated the
MSM population size by dimensions of sexual orientation. In studies examining
these dimensions, fewer people identified as MSM than reported experience with or
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attraction to other men. Selection bias, differences in recall periods/sampling, or
stigma could affect the estimate. It is important to have an estimate of the number of
MSM to calculate disease rates, plan HIV/STI prevention efforts, and allocate
resources for this group.
Keywords: men who have sex with men, estimation methods, population-based, MSM
Introduction
Male-to-male sexual contact accounted for 66.6% of new human
immunodeficiency virus (HIV) diagnoses in 2017 and 72% of existing HIV infections
at the end of 2016 in the United States (US) (CDC, 2018). Men who have sex with
men (MSM) can be at high risk for HIV, but accurate estimates of this population are
hard to obtain because census systems typically do not ask about sexual behavior or
orientation, surveys are challenged with concerns about stigma, and measurement
issues related to different domains of sexual orientation (e.g. behavior, identity, or
attraction) (Wesson et al., 2017; Purcell et al., 2012).
Several methods have been developed to estimate the size of hard-to-reach
populations (Wesson et al., 2017). Among these, population-based methods to
estimate the size of the MSM population use the size of the general population
combined with data on HIV prevalence among MSM from surveillance systems, the
percentages of men reporting same-sex experience, attraction, or identity from large,
national health surveys, or male-male unmarried partner household data from the US
Census Bureau to produce estimates of MSM (Wesson et al., 2017; Grey et al., 2016).
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It is difficult to estimate the size of this population directly due to stigma. Therefore,
researchers have examined data about behavioral characteristics, attraction, or
identity. Based on the specific calculation method, there may be men missing from
the estimate if they have sex with men but do not consider themselves gay or
bisexual. Many MSM identify as gay or bisexual, but not all (Grey et al., 2016).
Other methods have been used to estimate population sizes and include capturerecapture, network scale-up, wisdom of the crowds, multiplier, and Delphi (Wesson
et al., 2017; Abdul-Quader et al., 2014). These other methods have been covered in
recent systematic reviews of estimating the size of hard-to-reach populations
including MSM by Abdul-Quader et al. (2014) and Wesson et al. (2017) and are not
included here to reduce duplication (Wesson et al., 2017; Abdul-Quader et al., 2014).
The objective of this systematic review was to summarize population-based
methods to estimate the size of the male population that has sex with men, regardless
of sexual identity and HIV status. Knowing the size of this population allows for
calculating and monitoring HIV diagnosis rates over time and between regions
(Purcell et al., 2012; Grey et al., 2016) and for tracking progress towards national
objectives such as the US National HIV/AIDS Strategy goals of reducing the number
of new HIV diagnoses by at least 25% by 2020 and expanding access to effective
prevention services, including pre-exposure prophylaxis (PrEP) (Office of National
AIDS Policy, 2015). Further, population size estimates can guide targeting of
intervention programs and allocation of resources.
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Methods
This systematic review was drafted in accordance with the Preferred
Reporting Items for Systematic review and Meta-Analysis Protocols (PRISMA-P)
guidelines and was registered with the International Prospective Register of
Systematic Reviews (PROSPERO: CRD42018085368) (Shamseer et al., 2015;
PROSPERO, n.d.). PubMed, Embase, and CINAHL were searched for relevant
articles. Search terms (e.g., Mesh terms in PubMed) were related to population
estimation and MSM/gay men. As an example, the following was used in PubMed:
(population size estimat*) AND (("Homosexuality, Male"[Mesh]) OR ("Sexual and
Gender Minorities"[Mesh]) OR ("men who have sex with men")). Search terms are
shown in Table 1.
Inclusion criteria
The population of interest in this review was MSM, which could include but
was not limited to men who identify as gay/bisexual and HIV-positive/negative men.
Men who have sex with men is a behavioral definition that is often used by public
health researchers and is preferred over identity or attraction because it is the
behavior that can lead to sexual transmission of HIV/STIs (Grey et al., 2016).
Studies using identity or attraction to estimate MSM were also included. A study was
eligible for inclusion if it used population-based methods for estimating the MSM/gay
population alone or in combination with other methods. That is, the studies used the
size of the general population combined with data on HIV prevalence among MSM
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from surveillance systems, percentages of men reporting same-sex experience,
attraction, or identity from large, national health surveys, and male-male unmarried
partner household data from census data to produce estimates of MSM (Wesson et al.,
2017; Grey et al., 2016). Only peer-reviewed literature was included. Conference
abstracts, commentaries, and other papers that did not report on original research
were excluded. No time limits or location restrictions were applied.
Screening and data extraction
Three databases were searched through November 9, 2018. Duplicates were
removed using RefWorks and Covidence (RefWorks, n.d.; Covidence, n.d.).
Covidence was used to manage screening of studies (Covidence). Two reviewers
(D.E.M. and M.T.G.) independently screened articles by a) title and abstract, and b)
full-text. The reference lists of articles selected for inclusion were searched for
additional studies. Any conflicts were resolved by discussion and consensus at each
screening step.
Data were extracted independently by D.E.M. and M.T.G. after full-text
screening was completed. Variables extracted from the studies included author and
year of publication, location where the study was conducted, calculation method used
for estimating the MSM population, sources of data for calculation, percentage of
MSM reported, and number of MSM reported. Any conflicts were resolved by
discussion and consensus.
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Results
The flowchart in Figure 1 shows the number of studies at each step of the
screening process. During title/abstract screening, 183 studies were excluded because
they were not relevant. Twenty-eight studies met the inclusion criteria and were
included in data extraction. Sixteen studies were conducted in the United States. The
other 12 studies were conducted in Canada (n=2), Australia (n=3), Germany (n=1),
Israel (n=1), Kenya (n=1), the United Kingdom (n=2), Norway (n=1), and multiple
countries in Europe (n=1). All studies were published in English. The studies fell
into three general categories: surveillance-based methods (n=7), survey-based
methods (n=18), and census-based methods (n=6). Two studies used multiple
methods. The studies are listed in Tables 2–4.
Description of specific calculation methods and data sources
Surveillance-based methods used prevalence or testing data from HIV
surveillance systems (Grey et al., 2016). The following formula was used in
Raymond et al. (2018) and can be used as a guide: (HIV cases in the registry ∗ %
undiagnosed HIV infection) / % HIV prevalence (Raymond et al., 2018). Numerators
in studies included the number of MSM tested for HIV in Canada from provincial
serodiagnostic databases (Archibald et al., 2001), HIV prevalence among MSM in
Miami from the Florida Department of Health (Lieb et al., 2004; Lieb et al., 2007),
the average HIV seroprevalence rate for young Black MSM (YBMSM) from the
Chicago Department of Public Health (Livak et al., 2013), the number of survey
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participants diagnosed with HIV in 2009 in 38 European countries, the proportion of
MSM, and the number of men in a country (Marcus et al., 2013), and HIV/AIDS
cases and an estimate of undiagnosed HIV infection from case surveillance data in
San Francisco (Raymond et al., 2013; Raymond et al., 2018). Denominators included
the proportion of MSM that reported HIV testing in Canada from studies (Archibald
et al., 2001), estimated HIV seroprevalence among MSM from the US Urban Men’s
Health Study (Lieb et al., 2004), HIV seropositivity rates among MSM from the US
National HIV Behavioral Surveillance system (NHBS) (Lieb et al., 2007),
population-based seroprevalence rate among YBMSM in Chicago from NHBS and
Social Risk and Network Assessment (Livak et al., 2013), the sample size from a
national survey and the number of HIV cases diagnosed among MSM in 2009
(Marcus et al., 2013), and HIV prevalence from studies and case counts (Raymond et
al., 2013), and NHBS (Raymond et al., 2018) (Table 2).
Survey-based methods used a percentage or proportion of men reporting
same-sex experience (behavior), attraction, or identity from national probability
surveys and the male population from a census (Grey et al., 2016). Many surveys
rely on questions related to sex with a man during the previous 12 months, five years,
or ever (Grey et al., 2016). An example of a formula used in Livak et al. (2013) is
listed here: percent of Black MSM from National Survey of Family Growth * the
number of young Black males from 2010 US Census (Livak et al., 2013). Surveys
measured the following behaviors: proportion of men reporting MSM behavior in the
past year from the Canada Health Monitor (Archibald et al., 2001), the percent of the
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adult male population that had ever had sex with a man from National Health and
Nutrition Examination Survey (NHANES) (Harris et al., 2013), proportions of MSM
from NHBS (Hughes et al., 2017), percent of men who reported ever having sex with
another man from National Survey of Family Growth (NSFG) (Livak et al., 2013),
percentage of same-sex attraction, experience, or identity from Australian Study of
Health and Relationships (ASHR) (Madeddu et al., 2006), any same sex attraction,
lifetime history of same-sex sexual behavior, or self-identification as gay or bisexual
(Mor et al., 2016), prevalence of MSM occurrence (Okal et al., 2013), recent malemale sex from NHANES (Oster et al., 2016), current homosexual or bisexual identity
from ASHR (Prestage et al., 2008), same-sex behavior in the past 5 years (Purcell et
al., 2012), proportion of homosexual experience from postal surveys (Veierod et al.,
1997), same sex attraction, experience, or identity from National Survey of Sexual
Attitudes and Lifestyles III (NATSAL III) (Geary et al., 2018), proportion of men
who identified as gay from ASHR 2 (Zablotska et al., 2018), and the proportion who
had at least one male sex partner in the previous year from ASHR 2 (Zablotska et al.,
2018) (Table 3).
Census-based methods used national census data such as the proportion of
men age 45 and older that had never been married or the percent of male-male
unmarried partner households (Grey et al., 2016; Archibald et al., 2001). The formula
from de Voux et al. (2017) is provided here as an example: percent of male same-sex
households in a county from the American Community Survey (ACS) * the number
of men in the county from ACS (de Voux et al., 2017). Numerators included the
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proportion of men age 45 and older that had never been married from a census
(Archibald et al., 2001), percent of male-male unmarried partner households in a
county from census data (de Voux et al., 2017; Grey et al., 2016), and same sex male
partners in a state from census data (Lieb et al., 2009; Lieb et al., 2011; Campagna et
al., 2015) and county (Campagna et al., 2015). Denominators included the census
population of adult men age 15 and over from a census (Archibald et al., 2001) and
the number of men in a county or state from ACS or census data (Grey et al., 2016; de
Voux et al., 2017; Campagna et al., 2015) (Table 4).
Sampling/recruitment
Samples in surveillance-based studies included all individuals who came for
HIV testing (Archibald et al., 2001), persons diagnosed with HIV and reported to
Florida Department of Health (Lieb et al., 2004; Lieb et al., 2007), YBMSM living
with HIV in Chicago (Livak et al., 2013), national surveillance data on newly
diagnosed HIV infections among MSM (Marcus et al., 2013), and HIV case registry
for San Francisco (Raymond et al., 2013; Raymond et al., 2018). Samples in surveybased studies included the population reporting MSM behavior in the past year or
lifetime (Archibald et al., 2001), the civilian general household population (Harris et
al., 2013; Oster et al., 2016; Esie et al., 2018), MSM in San Francisco through
standardized behavioral surveys (Hughes et al., 2017), a nationally representative
multi-stage area probability sample survey from US households (Livak et al., 2013), a
national representative population-based survey (Madeddu et al., 2006; Prestage et
al., 2008; Zablotska et al., 2018), behavioral surveys among MSM (Marcus et al.,
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2009), a random sample of Jewish males (Mor et al., 2016), probability and stratified
cluster samples of US households (Purcell et al., 2012), a national population-based
cross-sectional survey (Rich et al., 2018), a probability sample survey (Ruf et al.,
2011; Geary et al., 2018), a stratified random sample of youth (Shield et al., 2013),
and simple random samples in Norway (Veierod et al., 1997). Census-based studies
used data from the US Census Bureau (Grey et al., 2016; de Voux et al., 2017; Lieb et
al., 2009; Lieb et al., 2011; Campagna et al., 2015) or a national census (Archibald et
al., 2001).
Estimates of the MSM population by location
Men who have sex with men accounted for 0.03% to 6.4% of men among all
studies and ranged from 3.8% to 6.4% in North America, 0.03% to 6.5% in European
countries, and 127,947 to 182,624 in Australia. Several studies estimated MSM for
the US as a whole using various methods (Harris et al., 2013; Oster et al., 2016;
Purcell et al., 2012; Esie et al., 2018; de Voux et al., 2017; Lieb et al., 2011; Grey et
al., 2016). Harris et al. (2013) estimated that 4.7% of men were MSM and or about
4.5 million MSM (Harris et al., 2013). Oster et al. (2016) estimated that 4.7% of men
had ever had male-male sex and 2.2% of men had male-male sex in the past 12
months (Oster et al., 2016). Purcell et al. (2012) estimated that 3.9% of men engaged
in same-sex behavior in the past five years (Purcell et al., 2012). Esie et al. (2018)
estimated that the prevalence of having at least one lifetime same-sex partner was
5.5% (Esie et al., 2018). In de Voux et al. (2015), it was reported that 3.8 % of men
or about 3.9 million men were MSM (de Voux et al., 2017). Lieb et al. (2011)
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estimated that the overall percentage of males in the US who were MSM was 6.4% or
7.1 million (Lieb et al., 2011). In Grey et al. (2016), the authors reported that 3.9% of
men or 4.5 million men in the US were MSM (Grey et al., 2016). Studies in the US
as a whole have estimated that 3.8% to 6.4% of men are MSM for a population of 3.9
to 7.1 million men.
Studies have also estimated MSM within US states or cities (Lieb et al., 2009;
Campagna et al., 2015; Raymond et al., 2013; Raymond et al., 2018; Hughes et al.,
2017; Shields et al., 2013; Lieb et al., 2004; Lieb et al., 2007). Lieb et al. (2009)
reported that 6% of men or 2.4 million men in the South were MSM (Lieb et al.,
2009). Campagna et al. (2015) estimated at 6.4% of men in Texas were MSM
(Campagna et al., 2015). Four studies estimated the number of MSM in San
Francisco, California. Raymond et al. (2013) estimated the number of MSM using
HIV surveillance data and reported 59,809 MSM (Raymond et al., 2013). Raymond
et al. (2018) used HIV case registry data and NHBS survey data to estimate that
63,242 men in San Francisco were MSM (Raymond et al., 2018). Hughes et al.
(2017) used data from the NHBS and reported that there were 58,605 MSM in 2014
(Hughes et al., 2017). Shields et al.(2013) used data from the 2011 YRBS and found
that 3.8% of middle school students identified as lesbian, gay, or bisexual (LGB)
(Shields et al., 2013). Studies in San Francisco estimated 58,605–63,242 MSM, with
3.8% of middle school students identifying as LBG.
Two studies estimated that the percentage of MSM in Miami, Florida ranged
from 7.5 to 9.5% of men or 63,020–76,500 men (Lieb et al., 2004; Lieb et al., 2007).
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Lieb et al. (2004) used data from the Florida Department of Health and reported that
9.5% of men or 76,500 men were MSM (Lieb et al., 2004). Lieb et al. (2007) used
data from the Florida Department of Health and the NHBS and reported that 7.5% of
men or 63,020 men were MSM (Lieb et al., 2007).
Two studies estimated the number of MSM in Canada using various methods.
The estimated number of MSM in Toronto varied from 18,800 using data from
surveys to 39,100 using surveillance-based data (Archibald et al., 2001). The number
in Vancouver varied from 7,000 using survey data to 26,500 using census-based data
(Archibald et al., 2001). In Montreal, the number of MSM varied from 18,500 using
survey data to 37,000 using census-based data (Archibald et al., 2001). Rich et al.
(2018) used data from surveys conducted in 2011–2012 and 2013–2014, and
estimated 3.3% of adult men or 30,605 MSM in Metro Vancouver (Rich et al., 2018).
Three studies estimated the size of the MSM population in Australia
(Madeddu et al., 2006; Prestage et al., 2008; Zablotska et al., 2018). Madeddu et al.
(2006) reported that the inner east postcode areas in Sydney ranged from 12.9% to
52.8% for same-sex attraction, 9.8% to 51.5% for same-sex behavior, and 4.4% to
48.1% for same-sex identity (Madeddu et al., 2006). The percent for the inner west
postcode areas in Sydney ranged from 25.1% to 55.9% for same-sex attraction, 25.1%
to 35.6% for same-sex behavior, and 13.5% to 34.3% for same-sex identity (Madeddu
et al., 2006). Prestage et al. (2008) estimated that 2.5% of men overall identified as
homosexual or bisexual, with 3.0% in New South Wales, 2.3% in Victoria, and 2.7%
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in Queensland (Prestage et al., 2008). Zablotska et al. (2018) estimated that there
were 127,947 sexually active 16–69 year-old gay men (Zablotska et al., 2018).
Five studies were conducted in Europe (Marcus et al., 2013; Marcus et al.,
2009; Ruf et al., 2011; Veierod et al., 1997; Geary et al., 2018). Marcus et al. (2013)
estimated that relative MSM population sizes were between 0.03% and 5.6% of the
adult male population aged 15–64 in 38 countries (Marcus et al., 2013). Marcus et al.
(2009) estimated that 2.9% of men in Germany were MSM (Marcus et al., 2009).
Ruf et al. (2011) reported that 5.5% of men or 98,330 MSM were living in inner
London in 2008 (Ruf et al., 2011). Veierod et al. (1997) reported that 3.8% of men in
Norway reported homosexual practice during their lifetime and 1.2% during the past
three years (Veierod et al., 1997). Geary et al. (2018) found that 1.5% of 16–74 yearold men self-identified as gay, 6.5% of men reported any same-sex sexual attraction,
and 5.5% of men reported same-sex sex ever in Britain (Geary et al., 2018). Studies
in 38 countries Europe have estimated that 0.03–6.5% of men are MSM.
Estimates of MSM by dimensions of sexual orientation
A few studies reported estimates for all three dimensions of sexual orientation.
In these, estimates were generally smaller for identity than experience or attraction.
Madeddu et al. (2006) reported that the percent for the inner east postcode areas in
Sydney ranged from 12.9% to 52.8% for same-sex attraction, 9.8% to 51.5% for
same-sex behavior, and 4.4% to 48.1% for same-sex identity (Madeddu et al., 2006).
The inner west postcode areas in Sydney ranged from 25.1% to 55.9% for same-sex
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attraction, 25.1% to 35.6% for same-sex behavior, and 13.5% to 34.3% for same-sex
identity (Madeddu et al., 2006). Prestage et al. (2008) estimated that 2.5% of men
overall in Australia identified as homosexual or bisexual (Prestage et al., 2008).
Zablotska et al. (2018) estimated that there were 127,947 of sexually active 16–69
year-old gay men in Australia (Zablotska et al., 2018). Shields et al. (2013) reported
that 3.8% of middle school students identified as lesbian, gay, or bisexual in San
Francisco (Shields et al., 2013). Mor et al. (2016) reported that 11.9% of men
reported lifetime male sexual encounters while 4.5% identified as gay in Israel (Mor
et al., 2016). Geary et al. (2018) found that 1.5% of 16–74 year-old men selfidentified as gay, 6.5% of men reported any same-sex sexual attraction, and 5.5% of
men reported same-sex sex ever in Britain (Geary et al., 2018).
Discussion
Researchers are currently using three general types of population-based
methods to estimate the number of MSM. Surveillance-based methods use HIV data
from surveillance systems such as the number of HIV tests performed, HIV
prevalence, or HIV seropositivity to estimate the size of the MSM population.
Survey-based methods use a percentage or proportion of MSM from a national survey
and the male population from the census to estimate the number of MSM. Censusbased methods use data from the US Census Bureau, such as the number or percent of
male-male unmarried partner households, to estimate the number of MSM. Studies in
the US have estimated that 3.8–6.4% of men are MSM for a population of 3.9–7.1
million men (de Voux et al., 2017; Lieb et al., 2011). Studies in 38 countries in
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Europe estimated that 0.03–6.5% of men are MSM (Marcus et al., 2013). Studies in
Canada estimated that MSM accounted for 7,000–30,605 men in Vancouver, 18,000–
39,100 men in Toronto, and 18,500–37,000 men in Montreal (Archibald et al., 2001;
Rich et al., 2018). Studies in Australia found that 127,947–182,624 men identified as
homosexual or bisexual (Zablotska et al., 2018; Prestage et al., 2008). A study in
Britain estimated that 1.5% of 16–74 year-old men self-identified as gay, 6.5%
reported any same-sex sexual attraction, and 5.5% reported same-sex sex ever (Geary
et al., 2018). The study populations were characterized using same-sex sexual
contact or attraction, identification as homosexual or bisexual, never having been
married, or households with a male head and a male partner. The results were similar
overall between the different population characterizations.
Stigma can impact the range of estimates of MSM population size between
countries. People may be hesitant to admit to stigmatized behaviors or identities in
surveys (Purcell et al., 2012; Abdul-Quader et al., 2014). The proportion of men that
openly identify as MSM depends on social acceptance, and differs between countries
and regions (Marcus et al., 2009; Lieb et al., 2011). Societal marginalization,
stigmatization, and denial of the existence of MSM in countries can lead to lack of
appropriate prevention programs and an underestimation of needs and treatment
(Okal et al., 2013). This could explain why the Kenya study estimate by Okal et al.
(2013) and the Turkey estimate in Marcus et al. (2013) (0.03%) were lower than other
studies. Stigma could also lead to males inaccurately reporting their relationship to
the head of household in census-based studies (Campagna et al., 2015).
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Underreporting of same-sex behavior or identity due to stigma could result in an
underestimate of the size of the MSM population (Purcell et al., 2012).
Wesson et al. (2017) and Abdul-Quader et al. (2014) recently conducted
systematic reviews on methods of population size estimation of hard-to-reach
populations such as MSM, people who inject drugs, and female sex workers (Wesson
et al., 2017; Abdul-Quader et al., 2014). However, these studies did not report
population estimates. Additionally, there was little overlap in studies included in
those reviews and the present review.
Strengths of population-based methods
Each of the methods has particular strengths. Surveillance-based methods can
be used to estimate the number of MSM that are at high risk for HIV infection
(Raymond et al., 2013). People being tested for HIV may be engaging in higher risk
activities (Raymond et al., 2013). Survey-based methods may use a national sample
and can estimate MSM in the general population (Purcell et al., 2012). Survey-based
methods can be used to estimate the size of the MSM population based by different
dimensions of sexual orientation such as attraction, behavior, or identity (Madeddu et
al., 2006; Geary et al., 2018). Behavior would be the most important dimension as it
can lead to sexual transmission of HIV and STIs (Grey et al., 2016). The censusbased method first used in Lieb et al., 2009 could easily be used to estimate the
number or percent of MSM as it uses publicly available data and is inexpensive in
terms of time and money (Lieb et al., 2009). It can be used to estimate MSM by the

26

various geographic units that are available in census data (e.g., state, county) (Lieb et
al., 2009; Esie et al., 2018; Grey et al., 2016). These methods could also be used in
an overlapping manner or together, but it depends on study design, data collection,
measures, and the analysis used. Using multiple methods could provide a more
robust estimate than a single method (Raymond et al., 2018).
Limitations of population-based methods
Each of the methods has limitations that could result in inaccurate estimates of
the MSM population. The surveillance-based method does not always include people
who are HIV positive but unaware of their diagnosis. These studies used people at
risk for or infected with HIV and may overestimate the population size as those being
tested for HIV may be more likely to engage in high-risk activity (selection bias)
(Raymond et al., 2013). People attending an STD clinic may be engaging in high-risk
activities and could lead to an overestimate (Raymond et al., 2013). Survey-based
methods may have small sample sizes, which is a problem if the behavior is rare
(Archibald et al., 2001). This can result in a broad range for the estimates (Archibald
et al., 2001). The questions used to identify MSM or recall periods may not be the
same across surveys (Archibald et al., 2001; Purcell et al., 2012). People may be
reluctant to self-report sensitive behaviors due to stigma (Archibald et al., 2001;
Livak et al., 2013; Purcell et al., 2012). The focus of the survey could also affect the
estimate (e.g., people at risk for HIV may not represent all MSM) (Harris et al.,
2013). The delivery method of the survey may also affect the estimate (interviewer
or self-administered) (Rich et al., 2018). Survey-based methods often use national
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surveys and may not allow for generalization to or be representative of small
geographic units (Purcell et al., 2012). Additionally, the MSM population may vary
by location (Grey et al., 2016). The census-based method also has limitations. Error
in classification of male-male unmarried partner households has been reported, which
could affect the accuracy of these estimates (O’Connell & Feliz, 2011). Stigma could
lead to males inaccurately reporting their relationship and an underestimate of the
data used in these studies (Campagna et al., 2015). National estimates were used to
derive state estimates used in the calculations, and this could be inadequate due to
uneven dispersion of MSM (Grey et al., 2016; Lieb et al., 2009).
Limitations of this review
This review was limited to articles published in peer-reviewed journals and
excluded work presented in conference abstracts. Additionally, articles published in
journals not indexed in the databases used would not be included in the review.
Conclusions
Estimating populations at risk for HIV infection is a priority for international
organizations, such as the World Health Organization (Wesson et al., 2017).
Knowing the size of MSM population is important to interpret HIV and STI
surveillance data, and to appropriately allocate resources and target prevention
programs such as PrEP. Because MSM behavior is not ascertained in censuses, it is
not easy to determine the number of MSM. Asking people about their sexual
behavior is sensitive, and estimates may not be accurate due to stigma or privacy
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concerns. Additionally, census questions often ask about identification, not behavior.
Currently, there is no agreed upon method to estimate the size of the MSM
population. Research can use available sources of data such as surveillance data,
surveys, or census data. The choice of method for estimating the size of the MSM
population can affect the results. In this review, studies using surveillance data
obtained the highest estimates while those using survey data obtained the lowest
estimates. Future studies could estimate the number of HIV-negative MSM, by
rural/urban residence, by PrEP eligibility, by gay-friendly neighborhoods, or by small
geographic units such as census tracts or ZIP codes. In the meantime, researchers
wishing to estimate the MSM population should consider using multiple methods to
balance out the limitations of each method alone. Doing so could lead to a more
robust estimate.
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Tables and figures
Table 1. Search terms for databases
Keywords

PubMed subject
terms
Population size
population size
estimation/estimates estimat*
men who have sex
"Sexual and
with men, gay men Gender
Minorities"[Mesh]
OR
“homosexuality,
male” [Mesh] OR
“men who have
sex with men”
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Embase subject
terms
'population
size'/de
'men who have
sex with men'/de
OR 'LGBT
people'/exp

CINAHL subject
terms
(MH "Population
Characteristics+")
(MH "Men Who
Have Sex With
Men") OR (MH
"Gay Men")

Table 2. Studies using surveillance-based methods for estimating the number of men who have sex with men
Author,
year

Country/Stat
e/City

Calculation

Source of
data, years

Percent
of MSM

Number of
MSM

Archibald Canada/Toro
et al.,
nto,
2001
Montreal,
Vancouver

Number of MSMa tested for
HIVb in 1996 from provincial
serodiagnostic
databases/proportion of MSM
that reported being tested for
HIV during a 1 year period
from surveys and studies

Provincial
serodiagnosti
c databases
and
epidemiologi
c studies

Not
reported

Toronto=
39,100,
Vancouver
=15,900

Lieb et
al., 2004

United
States/Florid
a/Miami
MSAc

HIV prevalence among MSM
in Miami (extrapolated from
national estimate)/estimated
HIV seroprevalence rates
among MSM from Urban
Men’s Health Study

Florida
Department
of Health

9.5%

76,500

Lieb et
al., 2007

United
States/Florid
a/Miami-

HIV prevalence in Miami
MSA/HIV seropositivity rates
from NHBSd

Florida
Department
of Health,
NHBS

7.5%

63,020 in
Miami
MSA for
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Sampling
method

Characteriz
ation of
study
population
All
Sex with
individuals
other men,
who come
selfforward for identificati
HIV testing on as gay,
or sexual
relations
with other
men
Persons
Male
diagnosed
resident
and reported aged 18
years or
to the
Florida
older who
Department had any
of Health
male–male
HIV/AIDS
sex contact
Reporting
after 1977
System
HIVAll men
infected
aged ≥18
MSM living years who
and residing had male-

Dade County
MSA
Livak et
al., 2013

United
States/Illinoi
s/Chicago

Marcus et Europe
al., 2013

2003 to
2005
Average HIV Seroprevalence
Rate for YBMSMe (adjusted for
HIV positive but
unaware)/Population-Based
Seroprevalence Rate among
YBMSM (averaged from
NHBS and SRNf);

Chicago
Department
of Public
Health, 2010
US Census,
NHBS, and
SRN.

11.7%

6,340

Npop =
HIVpop*Nsvy*SSD/HIVsvy

EMISg,
National
surveillance
data from
ECDCh,
Eurostat, and
from national
statistics

Relative
MSM
populatio
n sizes
were
between
0.03%
and 5.6%
of the
adult
male
populatio
n aged
15–64

Not
reported

HIVpop, the number of HIV
cases diagnosed among MSM
reported to the countries
surveillance system in 2009;
Nsvy, the sample size in a
national survey;
HIVsvy, the number of those
survey participants diagnosed
with HIV in 2009;
Ntot, the number of men in the
country;
M, the proportion who have sex
with men
SSD=HIVsvy*M*Ntot/Nsvy*H
IVpop

36

in the
male sex
Miami MSA contact
since 1978
YBMSM
Men who
living with
have had
HIV
male–male
infection in sexual
Chicago
contact

National
surveillance
data on
newly
diagnosed
HIV
infections
among
MSM

Having had
at least one
sexual
contact
with a man
within the
previous
12–24
months

Raymond
et al.,
2013

United
States/Califo
rnia/San
Francisco

(HIV/AIDSi Cases *
undiagnosed infection)/HIV
prevalence

Raymond
et al.,
2018

United
States/Califo
rnia/San
Francisco

HIV cases in registry ∗ %
undiagnosed HIV infection) ⁄ %
HIV prevalence

Case
surveillance
data, HIV
prevalence
estimates,
US Census
data, and
undiagnosed
HIV
infection
estimate
HIV
prevalence
from NHBS
survey in
2017 and
proportion of
MSM
previously
diagnosed
with HIV
from case
registry in
2016

Abbreviations:
a

MSM-Men who have sex with men

b

HIV-Human immunodeficiency virus
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Not
reported

59,809
MSM

Total
number of
known
MSM and
MSM-IDUj
HIV/AIDS
cases in
registry

Not listed

Not
reported

63,242
MSM

HIV case
registry for
the city of
San
Francisco

Not listed

c

MSA-Metropolitan statistical area

d

NHBS-National HIV Behavioral Surveillance

e

YBMSM-Young black men who have sex with men

f

SRN-Social Risk and Network Assessment

g

EMIS-European MSM Internet Survey

h

ECDC-European Centre for Disease Prevention and Control

i

AIDS-Acquired Immune Deficiency Syndrome

j

IDU-Injection drug user
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Table 3. Studies using survey-based methods for estimating the number of men who have sex with men
Author,
year

Country/State/ Calculation
City

Source of
data, years

Percent of
MSM

Number of
MSM

Archibal
d et al.,
2001

Canada/Toron
to, Montreal,
Vancouver

Proportion of population
reporting MSMa behavior
in past year * male
population over 15

1994 and
1997 CHMb
survey

Not
reported

Toronto=
18,800,
Montreal=
18,500,
Vancouver=
7,000

Purcell et
al., 2012

United States

Applied the proportion of
men reporting same-sex
behavior in the past 5
years from literature
search to United States
census data

4 surveys,
United States
census data

Livak et
al., 2013

United
States/Illinois/
Chicago

3.9% of
men
engaged in
same-sex
behavior
in past 5
years
c
4.2% * young Black
NSFG 2006- 4.2%
males in the South side of 2010, 2010
Chicago
US Census

39

4,791,262
MSM 13 and
older in 2008

2,286

Sampling
method

Characteriz
ation of
study
population
Population Having had
reporting
oral or anal
MSM
intercourse
behavior in with
the past
another
year/lifeti
man in the
me
past
year/lifetim
e
Probability Men who
samples,
reported
stratified
same-sex
cluster
behaviors
sample of
or partners
US
households
nationally
Men who
representat have had
ive multimale–male
stage area
sexual
probability contact
sample
survey

Harris et
al., 2013

United States

Percent from NHANESd
* adult male population

NHANES
1999–2008

4.7%

3,555,568

Hughes
et al.,
2017

United
States/Califor
nia/San
Francisco

Means of the proportions
of MSM by race were
calculated from NHBSe
2004 and 2008/total adult
male pop in San
Francisco in 2006

NHBS;
United States
census

58,605 in 2014,
14,452 were
HIVf positive
and 44,154
were HIV
negative;
32,705 were
white and
4,419 were
black MSM in
2014

Madeddu
et al.,
2006

Australia/Syd
ney

Applied percentage of
same-sex attraction,
experience, or identity
from ASHRg for each
postal code to the number
of male residents of a
similar age in those same
postcode areas

2000/2001
Sydney Gay
Community
Periodic
Survey,
ASHR 2003,
and
Australian
Household
Census 2001

19.0% of
adult
males
were
MSM;
23.0% of
all black
adult
males and
21.0% of
all white
males
The
proportion
of men
who
identified
as
homosexu
al or
bisexual
ranged
from 4.4%
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Selected inner
east: identity9,269,
experience12,979,
attraction13,508.
Selected inner
west: identity3,464,
experience-

from US
households
civilian
general
household
population
Data on
MSM in
San
Francisco
through
standardize
d
behavioral
surveys

national
representat
ive
population
-based
survey,
participant
s were
selected at
random
from the

Men who
ever had
sex with a
man
Not listed

Male
participants
who
reported
lifetime
experience
of sex with
men,
feelings of
same-sex
attraction

Marcus et Germany
al., 2009

Based on the proportional
regional distribution of
survey participants and
user profiles, assuming a
total population size of
600,000

KABaSTIhstudy 2006
and GMAi2007-survey
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to 48.1%; 4,797,
9.8% to
attraction-5,573
51.5% of
men
reported
same-sex
experience
s during
their
lifetime;
and 12.9%
to 52.8%
of men
had ever
experience
d feelings
of samesex
attraction
2.6%
Not reported

general
population
to
participate
in a
telephone
survey

during their
lifetime,
and/or a
current
homosexua
l or
bisexual
identity

Both were
behavioura
l surveys
among
MSM,
participant
s were
recruited
online (and

Male
participants
in the age
group 20–
50 years
who
reported
sexual
contacts
with men

offline too
for GMA)
Mor et
al., 2016

Israel

Projected the rates of
study participants who
reported sexual behavior,
which included MSM, by
the relevant Israeli
population using the 2012
Statistical Abstract of
Israel

Anonymous
electronic
questionnaire
, Statistical
Abstract of
Israel

Okal et
al., 2013

Kenya/Nairob
i

Oster et
al., 2015

United States

Men 18 plus * estimate of Caceres et
prevalence in population al., 2008 and
from Caceres 2008
2009 Nairobi
census
Weighted prevalence
1999–2010
estimate from NHANES NHANES,
by the population
Vintage 2011
estimate
file from the
United States
Census
Bureau
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11.9%
reported
lifetime
male sex
encounters
, 4.5%
selfidentified
as gay and
3.7% as
bisexual

94,176 in Israel
and 33,839 in
Tel-Aviv
gay/bisexual

1.2%

13,608 MSM

4.7% of
men had
ever had
male-male
sex and
2.2% of
men had

5,933,000 ever;
3,156,000 in
past 12 months

Random
sample
from
representat
ive sample
of Jewish
males aged
18–44
years who
completed
an
anonymou
s electronic
questionna
ire

in the
previous 12
months
Same-sex
sexual
attraction;
oral or anal
intercourse
with
another
man; selfidentificati
on

Had oral or
anal sex
with man
Nationally
representat
ive sample
of the
civilian,
noninstituti

Among
men,
having had
oral or anal
sex with
another
man during

Prestage
et al.,
2008

Australia

Rich et
al., 2018

Canada/Vanco Calculated median
uver
estimate for Vancouver
urban core from 2 survey
cycles

Ruf et al., United
2011
Kingdom/Lon
don

Percentage of male
participants in ASHR
who reported a current
homosexual or bisexual
identity were applied to
the number of adult male
residents in the respective
states from 2001
Australian Household
Census

Estimated inner London
MSM proportion from

ASHR, 2001
Australian
Household
Census

CCHSj
2011–2012
and 2013–
2014
(median)

British
NATSAL
2000 and
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male-male
sex in the
past 12
months
2.5%
overall;
3.0% in
New
South
Wales;
2.3% in
Victoria;
2.7% in
Queenslan
d
3.3%
(median)

5.5%

onalized
population

the past 12
months/eve
r

182,624 total;
74,420 in New
South Wales;
41,990 in
Victoria;
36,935 in
Queensland

National
representat
ive
population
based
survey,
computerassisted
telephone
interviews

Male
participants
in ASHR
who
reported a
current
homosexua
l or
bisexual
identity

30,605

National
population
-based
crosssectional
survey,
interviewer
administer
ed
telephone
surveys
Probability
sample
survey of

Number of
selfidentified
homosexua
l, gay, or
bisexual
men aged
18–59
years

98,330 MSM
aged 16-44
were living in

Partners of
the same
gender

NATSALk * 2008 inner
London male population

Greater
London
Authority
population
estimates
2008

Shields et United
al., 2013 States/Califor
nia/San
Francisco

(Unweighted
count/population
estimate)*100

2011 YRBSl

3.8%
middle
school
students
identify as
LGBm;
1.7% as
gay and
lesbian
and 2.1%
as
bisexual

Not reported

Stratified
random
sample of
youth

Veierod
et al.,
1997

Estimated proportion of
subjects with homosexual
experience from 2 postal
surveys of general
population
(Lifetime or current
prevalence/number of
respondents) *100

Surveys sent
by mail in
1987 and
1992

3.8%
reported
homosexu
al practice
during
lifetime
and 1.2%
during the

188 lifetime;
57 past 3 years

Simple
random
samples
drawn
from the
Central
Population
Registry,

Norway
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Greater London men and
in 2008
women
using
computerassisted
interviews

with whom
the
respondent
had any
form of
genital
contact
“Which of
the
following
best
describes
you?”
“heterosex
ual
(straight);
gay or
lesbian;
bisexual;
and not
sure”
Had any
form of
sexual
interaction
with a
person of
the same
gender as

past 3
years
Esie et
al., 2018

United States

Answers to questions and
total population surveyed

NHANES
1999–2014

Estimated Not reported
prevalence
of MSMever was
5.5%

Geary et
al., 2018

Britain

Estimates from
NATSAL3 were applied
to ONSn 2011 census
population estimates

NATSAL 3,
ONS

1.5% of
16–74
year old
men selfidentified
as gay;
6.5% of
men
reported
any samesex sexual
attraction;
5.5% of
men
reported
same-sex
sex ever
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Not reported

postal
questionna
ires sent
Crosssectional
surveys of
the
noninstituti
onalized
US
population
Multistage
clustered,
stratified
probability
sample of
residents in
a private
household
in Britain
were
interviewe
d

yourself
ever/in past
3 years
Ever had
any kind of
sex with a
man,
including
oral or anal
I have felt
sexually
attracted
to…;
I have had
some
sexual
experience
…;
Have you
ever had
any kind of
sexual
experience
or sexual
contact
with a
man?;

Zablotska Australia
et al.,
2018

Number of men aged 1669 years in Australia in
mid-2015 * proportion of
Australian men aged 16–
69 years old who
identified as gay *
proportion who had at
least one male sex partner
in the 12 months before
the survey

Australian
Bureau of
Statistics,
ASHR 2

Abbreviations:
a

MSM-Men who have sex with men

b

CHM-Canada Health Monitor

c

NSFG-National Survey of Family Growth

d

NHANES-National Health and Nutrition Examination Survey
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Not
reported

127,947 of
sexually
active 16–69
year-old gay
men

National
representat
ive survey

Have you
had sex
with a man
involving
genital
area/penis
contact?
Australian
men aged
16–69
years old
who
identified
as gay and
had at least
one male
sex partner
in the 12
months
before the
survey

e

NHBS-National HIV Behavioral Surveillance

f

HIV-Human immunodeficiency virus

g

ASHR-Australian Study of Health and Relationships

h

KABaSTI-Knowledge, Attitudes and Behaviour as to Sexually Transmitted Infections

i

GMA-Gay Men and AIDS survey

j

CCHS-Canadian Community Health Survey

k

NATSAL-National Survey of Sexual Attitudes and Lifestyles

l

YRBS-Youth Risk Behavior Survey

m

LBG-Lesbian, gay, or bisexual

n

ONS-Office of National Statistics
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Table 4. Studies using census-based methods for estimating the number of men who have sex with men
Author,
year

Country/Stat
e/City

Calculation

Source of
data, years

Percent
of MSM

Number of
MSM

Sampling
method
Proportion
of never
married
men
obtained
from
census
ACS
summary
data

Archibald Canada/Toro
et al.,
nto,
2001
Montreal,
Vancouver

Proportion of men aged 45 and Census
over never married * census
data
population of adult men 15 and
over

Not
reported

Toronto=
35,000,
Montreal=
37,000,
Vancouver=
26,500

de Voux
et al.,
2017

United
States/44
states

Percent MSMa =percent of
male head-male unmarried
partner households in county *
number of men in county;
scaled to equal 3.9% of adult
male population

3.8% of
all men
overall

3,921,515
overall

Lieb et
al., 2009

United
States/17
southern
states

Model A: % MSM statei=
(rural male population statei *
0.01) + (suburban male
population statei * 0.04) +
(urban male population statei *
0.09)

6.0% in
the south

2.4 million
in the south

ACSb
summary
data; ruralurban
classificati
on from
NCHSc;
Purcell et
al., 2012
for 3.9%
2000
Census,
NSFGd,
ACS
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1,656,500
(69%)
whites,

US Census
Bureau;
multistage area
probability

Characteriz
ation of
study
population
Men aged
45 and over
that have
never been
married
Households
with a male
head and a
male
partner

Adult
males who
ever had
sex with
another
male

Lieb et
al., 2011

United States

Model B:
1.MSM index= statei (#SSMPe
statei/#SSMP US /(
#households
statei/#households US)
2. Percent MSM statei= (MSM
index statei * % MSM Model
A statei).
3. Average %MSMstatei=
(%MSM model A statei +
%MSM modelBstatei)/2.
4. Number of MSMstatei=
average%MSMstatei * adult
male population statei.
Model C:
RaceiMSMestimate= average
% MSM statei x racei adult
male population statei * %
MSM ratio for racei. Model C
final estimate =White MSM
estimate + Black MSM
estimate + Hispanic MSM
estimate + Other race MSM
estimate
Model A: % MSM statei=
(rural male population statei *
0.01) + (suburban male
population statei * 0.04) +

339,400
sample
(14%)
(NSFG)
blacks,
368,800
(15%)
Hispanics,
34,600
(1.4%)
Asian/Pacifi
c Islanders,
7,700
(0.3%)
American
Indians/Alas
ka Natives,
and 11,000
(0.5%)
others

2000
Census,
NSFG,
ACS

49

Overall
US
percentag
e of
males

7.1 million
MSM
residing in
the US in
2007;

US Census
Bureau;
multistage area
probability

Adult
males aged
≥18 years
with a
lifetime

(urban male population statei *
0.09)
Model B:
1.MSM index= statei(#SSMP
statei/#SSMP US /(
#households
statei/#households US)
2. Percent MSM statei= (MSM
index statei x % MSM Model
A statei).
3. Average %MSMstatei=
(%MSM model A statei +
%MSMmodelBstatei)/2.
4. Number of MSMstatei=
average%MSMstatei * adult
male population statei.
Model C:
RaceiMSMestimate= average
% MSM statei * racei adult
male population statei * %
MSM ratio for racei. Model C
final estimate =White MSM
estimate + Black MSM
estimate + Hispanic MSM
estimate + Other race MSM
estimate

who were
MSM
was
6.4%,
varied
from
3.3% in
South
Dakota to
13.2% in
the
District
of
Columbia
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ranged from sample
9,612 in
(NSFG)
Wyoming to
1,104,805 in
California
71.4% (5.1
million)
were white,
15.9% (1.1
million)
were
Hispanic,
8.9%
(635,000)
were black,
2.7%
(191,000)
were Asian,
0.4%
(26,000)
were
American
Indian/Alas
ka Native,
0.1%
(6,000) were
Native

history of
any malemale sexual
contact

Campagn
a et al.,
2015

United
States/Texas/
counties

Model A: % MSM
countyi=(rural male population
countyi *0.01) + (suburban
male population countyi *0.04)
+ (urban male population
countyi * 0.09)
Model B:
1.MSM index=
countyi(#SSMP
countyi/#SSMP Texas /(
#households
countyi/#households Texas)
2. Percent MSM countyi=
(MSM index countyi * %
MSM Model A countyi).
3. Average %MSMcountyi=
(%MSM model A county +
%MSM modelBcountyi)/2.

United
States
Census
(2000 and
2010),
ACS
(2010)
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6.4% of
adult
male
populatio
n in
Texas;
10.3% in
Dallas;
9.8% in
Austin;
1.0 to
12.9% at
county
level

Hawaiian/ot
her Pacific
Islander,
and 0.6%
(41,000)
were of
multiple/unk
nown
race/ethnicit
y
599,683 in
US Census Households
Texas in
Bureau
with same2012
sex male
unmarried
partners
315,000 (53
%) Whites;
56,000 (9
%) Blacks;
213,000 (36
%)
Hispanic/La
tinos;
16,000 (3
%) men of
other races

Grey et
al., 2016

United
States/states/
counties

4. Number of MSMcountyi=
average%MSMcountyi * adult
male population countyi.
Model C:
RaceiMSMestimate= average
% MSM countyi * racei adult
male population countyi *
Lieb’s % MSM ratio for racei.
Model C final estimate =White
MSM estimate + Black MSM
estimate + Hispanic MSM
estimate +Other race MSM
estimate
1.MSM index countyi
urbanicityj= (#SSMf
households countyi
urbanicityj/total households
countyi urbanicityj/( SSM
households urbanicityj /total
households urbanicityj)
2. Percent MSM countyi
urbanicity j= (MSM index
countyi urbanicityj * % MSM
urbanicityj)
3. MSMcountyi urbanicity j=
(%MSM countyi urbanicityj *
Adult males countyi
urbanicityj.

2009–2013
ACS
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3.9%

4,503,080
MSM in the
US

ACS 5year
summary
file, 2009
to 2013,
US
household
s are
randomly
sampled
each year

Number of
same-sex
male
households

4. (impute) SSM households
countyi urbanicityj= SSM
households countyi
urbanicityj+(total households
countyi urbanicityj * %SSM
households urbanicityj)
Abbreviations:
a

MSM-Men who have sex with men

b

ACS-American Community Survey

c

NCHS-National Center for Health Statistics

d

NSFG-National Survey of Family Growth

e

SSMP-Same sex male partner

f

SSM-Same sex male
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Figure 1. Flowchart of screening process of studies using population-based methods
for estimating the number of men who have sex with men
275 references identified from databases:
PubMed: 34 articles
Embase: 174 articles
CINAHL: 67 articles
34 duplicates removed

241 studies screened against title and abstract
183 studies excluded

58 studies assessed for full-text eligibility
32 studies excluded:
15 not populationbased methods
9 not published in
peer-reviewed journal
5 no estimate or
percentage reported
2 not the target
population
1 duplicate

2 studies added
from reference lists

28 studies included
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Gay neighborhoods: Can they be identified in a systematic way using latent
class analysis?
Abstract
Identifying gay neighborhoods could help in targeting HIV prevention efforts for
men who have sex with men. This study’s purpose was to identify gay neighborhoods
using latent class analysis (LCA). Data at the zone improvement plan (ZIP) code level
was drawn from the American Community Survey, website lists of gay bars and
neighborhoods, and the Florida Department of Health HIV surveillance system. A
two-class model was selected based on fit. About 9% of the ZIP code data were in
class two, which was designated as gay neighborhoods. Cohen’s kappa coefficient
was used to examine agreement between the classification of ZIP codes from LCA and
websites. Fair agreement was found (0.2501). Gay neighborhoods could serve as a
place to disseminate information about pre-exposure prophylaxis and other methods
for HIV prevention. Improved measures, such as the planned question about same-sex
spouses for the 2020 US Census, are needed to identify gay neighborhoods in
population-level surveys.
Keywords: gay neighborhoods, latent class analysis, MSM, gay men
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Introduction
The National HIV/AIDS Strategy strives to increase human
immunodeficiency virus (HIV) prevention efforts in communities with high rates of
HIV transmission and recommends focusing on high-risk populations, such as men
who have sex with men (MSM) (Office of National AIDS Policy, 2015). Male-tomale sexual contact accounted for 66.6% of new HIV diagnoses in 2017 and 72% of
existing HIV diagnoses at the end of 2016 in the United States (US) (CDC, 2018).
Among MSM in the US, 38.4% of persons whose HIV was diagnosed in 2017 was
among Black MSM while MSM aged 13–24 accounted for 25.6% (CDC, 2018).
Florida was ranked third in the US for number of HIV diagnoses in 2017 (CDC,
2018). The Miami-Fort Lauderdale-West Palm Beach, FL metropolitan statistical
area (MSA) had 35.3 HIV diagnoses per 100,000 per year in 2017, the highest rate in
the US (CDC, 2018). Approximately 49% of all persons living with HIV in Florida
in 2016 were in the Miami-Fort Lauderdale-West Palm Beach, FL MSA (CDC,
2018).
Strategies have been adopted by MSM to reduce the risk of HIV transmission
(van den Boom et al., 2014). Serosorting, where MSM engage in unprotected anal
intercourse with other MSM of the same HIV status, is common (van den Boom et
al., 2014). This strategy is not without flaws; both partners must accurately know
their status, disclose their status honestly, and should be tested frequently to be sure
they have not acquired HIV (van den Boom et al., 2014). Condoms are another
strategy to reduce the risk of HIV transmission. A study among MSM in San
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Francisco found that the consistent use of condoms decreased from 36.8% in 2004 to
18.3% in 2014 (Chen et al., 2016). Pre-exposure prophylaxis (PrEP) is a biomedical
prevention strategy to reduce the risk of HIV transmission (Jayakumaran et al., 2016).
Pre-exposure prophylaxis involves the regular use of antiretroviral drugs by a person
whose HIV status is negative to reduce the risk of HIV transmission from sexual
contact with a person who has a diagnosis of and is living with HIV or someone of
unknown HIV status (Jayakumaran et al., 2016).
Tailoring HIV prevention strategies to whether MSM live in gay
neighborhood or not could be another strategy to reduce HIV transmission. Gay
neighborhoods can be defined as areas within a city that foster a sense of community
for gay men due to a higher proportion of homes occupied by gay men and businesses
owned by or supportive of gay men (Buttram & Kurtz, 2013). The first distinct gay
neighborhoods emerged after World War II when discharged members of the military
settled in port cities (Spring, 2013). Bars in gay neighborhoods established social
networks that made sexual minorities visible to one another and fostered a sense of
community (Ghaziani, 2014). In the 1970s, researchers reported that large cities gave
rise to cultural and social institutions that form the basis of gay neighborhoods
(Buttram & Kurtz, 2013). The US Census Bureau has collected data on same-sex
unmarried partners since 1990, which has provided data for the study of gay
neighborhoods (Compton & Baumle, 2012).
The findings in the literature about risk or protective factors associated with
gay neighborhood residence are varied. Some studies show that gay neighborhoods
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facilitate HIV sexual risk behaviors and drug use while others show that they are
protective for health (Buttram & Kurtz, 2013; Kelly et al., 2012; Carpiano et al.,
2011; Frye et al., 2010). A study conducted in South Florida found that elevated rates
of unprotected anal intercourse, methamphetamine use, and reduced levels of
engagement in social activities were risk factors associated with living in a gay
neighborhood (Buttram & Kurtz, 2013). Gay neighborhood residence was defined as
residing in one of five zone improvement plan (ZIP) codes that constitute the Wilton
Manors area (Buttram & Kurtz, 2013). In a study conducted in New York City, the
use of drugs to enhance sexual experiences was more common among men who lived
in gay neighborhoods compared to men who did not (aOR=2.08, 95% CI=1.11–3.90)
(Kelly et al., 2012). Gay neighborhoods were defined using the percentage of malemale unmarried partner households and social mapping (Kelly et al., 2012). A second
study conducted in New York City found higher odds of drug use among individuals
who lived in gay neighborhoods, had networks composed mainly of gay men, and had
increased socialization with other gay men (Carpiano et al., 2011). Gay
neighborhoods were defined using the percentage of male-male unmarried partner
households from census data and social mapping (Carpiano et al., 2011). Conversely,
another study conducted in New York City found that neighborhood gay presence
(percent of male-male unmarried partner households) was associated with
consistently using condoms during insertive (adjusted odds ratio [aOR]=1.3, 95%
confidence interval [CI]=1.0–1.6) and receptive anal intercourse (aOR=1.4, 95%
CI=1.1–1.6) (Frye et al., 2010).
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More recently, gay individuals may be choosing to live outside of historically
gay neighborhoods (Spring, 2013). Historically gay neighborhoods appear to be deconcentrating as sexual minorities disperse across cities (Ghaziani, 2014). Based on
the 2010 Census, fewer same-sex partners lived in historically gay neighborhoods in
the 2010 than in 2000 or 1990 (Ghaziani, 2014). Many studies have used the percent
of male-male unmarried partner households obtained from the census (Kelly et al.,
2012; Carpiano et al., 2011; Frye et al., 2010). This is self-reported, and
misclassification has been noted (O’Connell & Feliz, 2012). None of the articles that
have classified neighborhoods as gay using census data has established a validated
cutoff for identifying gay neighborhoods (Frye et al., 2010; Buttram & Kurtz, 2013;
Kelly et al., 2012; Carpiano et al., 2011). The purpose of this study was to identify
gay neighborhoods using the percent of male-male unmarried partners, the density of
gay bars, and HIV prevalence data for MSM using latent class analysis (LCA).
Identifying gay neighborhoods could help target high-risk individuals with HIV
prevention tools, such as PrEP or treatment as prevention.
Methods
Study population and datasets
This study used an ecologic design and analyzed secondary HIV surveillance
data, American Community Survey (ACS) data, and data about gay bars and gay
neighborhoods from the Internet. The HIV surveillance data was obtained from the
Florida Department of Health’s enhanced HIV/AIDS Reporting System (eHARS).
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The eHARS contains demographic and exposure information, and uses the HIV case
definition from the Centers for Disease Control and Prevention (CDC) (Selik et al.,
2014). De-identified records of Florida residents diagnosed with HIV with a mode of
HIV transmission listed as MSM and MSM/injection drug use (IDU) were included in
the dataset.
Neighborhood-level data using zone improvement plan (ZIP) code tabulation
areas (ZCTAs) in Florida were obtained from the US Census Bureau’s 2011–2015
ACS five-year estimates (US Census Bureau, n.d., a). The US Census Bureau uses
ZCTAs to approximate US postal service ZIP codes and calculate summary statistics
(US Census Bureau, n.d., b). Ninety-seven ZCTAs were excluded because they are
associated with prisons, post office boxes, military bases, and nature preserves, and
have no permanent residential population. Eight hundred and eighty-six Florida
ZCTAs were included in this study.
A list of gay bars/clubs in a ZIP code in Florida was extracted from
gaycities.com, gaybarmaps.com, and gaybarslist.com (Gay Cities, n.d.; gay bar maps,
2017; gay bars list, 2016). A list of gay ZIP codes was compiled from
roadsnacks.net, movoto.com, hrc.org, sharktank.com, and orlandohomesusa.com
(Roadsnacks, 2018; Movoto, n.d.; Human Rights Campaign, 2018; Sharktank, 2016,
Orlando homes USA, 2017). These websites were identified using a search engine.
Data from eHARS, ACS, and the gay bar/neighborhood data were merged by ZIP
code.
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Variables
Three variables were used to identify gay neighborhoods (1) percentage of
male-male unmarried partner households, (2) density of gay bars, and (3) HIV
prevalence among MSM. The percentage of male-male unmarried partner
households was calculated by dividing the number of male-male unmarried partner
households in a ZCTA by the total number of households in a ZCTA obtained from
the 2011–2015 ACS. The percentage of male-male unmarried partner households
were grouped into six categories based on percentiles of the distribution of the data
(≥95th percentile, 95th–90th, 90th–75th, 75th–50th, 50th–25th, <25th). The density of gay
bars per 1,000 population in a ZIP code was calculated using the number of gay bars
in each ZIP code divided by the male population in 2016 in the ZIP code. The
density of gay bars was grouped into three categories based on percentiles of the
distribution of the data (≥95th percentile, 95th–90th, and <90th). The HIV prevalence
among MSM per 1,000 population was calculated for each ZIP code. The numerator
was the number of cases among MSM or MSM/IDU currently living in each ZIP code
in Florida in 2016 from eHARS data. The denominator was the average male
population between 2014 and 2016 in each ZIP code from the ACS. HIV prevalence
was grouped into six categories based on percentiles of the distribution of the data
(≥95th percentile, 95th–90th, 90th–75th, 75th–50th, 50th–25th, <25th).
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Analysis
Florida ZIP codes were the unit of analysis for this study. Latent class
analysis (LCA), a statistical method used to identify a set of unobserved classes or
subgroups from observed categorical variables and assess the effects of multiple
variables simultaneously, was conducted using the LCA procedure in SAS 9.4 (The
Methodology Center, Penn State, 2015; Chan et al., 2015; SAS Institute, 2002). First,
models were run with two through five latent classes. Model fit statistics (Akaike
Information Criterion [AIC], Bayesian Information Criterion [BIC], and entropy)
were examined to determine the optimal number of classes to include (Chan et al.,
2015). With AIC and BIC, lower values indicate better fit (Chan et al., 2015).
Entropy indicates how distinct or separate the classes are from one another (Chan et
al., 2015). Entropy ranges from zero to one, with above 0.8 considered as good
(Chan et al., 2015). Next, the classes were assessed to determine which could be
classified as gay or not gay. Finally, Cohen’s kappa coefficient was used to look at
agreement between the classification of ZIP codes from the LCA and websites.
Cohen’s kappa coefficient ranges from negative one to positive one (McHugh, 2012).
For interpreting kappa, values less than or equal to zero indicate no agreement, 0.01–
0.20 as none to slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as
substantial, and 0.81–1.00 as almost perfect agreement (McHugh, 2012). The
hypothesis was that the ZIP codes obtained through the LCA would agree with the
gay ZIP codes from websites. The Florida International University Institutional
Review Board (IRB) and the Florida Department of Health IRB approved this study.
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Results
Description of the data
Within the 886 ZIP codes in Florida used in this study, the percent male-male
unmarried partner households in a ZIP code ranged from 0.0 to 6.2% (Table 1).
Thirty-seven ZIP codes had more than 1% male-male unmarried partner households.
The number of gay bars in a ZIP code ranged from zero to 15, and the density ranged
from zero to 2.9 bars per 1,000 male population (Table 1). Ninety-four ZIP codes had
at least one gay bar. HIV prevalence among MSM per 1,000 population for ZIP
codes ranged from 0.18 to 144.90, with 5% of the ZIP codes being within the two
highest categories for HIV prevalence (HIV prevalence of 10.45–<16.59 and 16.59–
144.90, respectively) (Table 1).
Latent class analysis
The model fit statistics indicated that a two-class model had the best fit. The
BIC was lowest (341.62) for the two-class model indicating the best fit and was
350.53, 414.06, and 487.81 for the three-class, four-class, and five-class models
respectively. Entropy was highest (0.90) for the two-class model, indicating better fit
of the data and was 0.62, 0.65, and 0.63 for the three-class, four-class, and five-class
models respectively. The AIC was 221.95 for the two-class model, 168.84 for the
three-class model (lowest), 169.94 for the four-class model, and 181.46 for the fiveclass model. Entropy for the other class models was less than 0.80, therefore, the
two-class model was chosen.
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About 91% of ZIP codes in Florida fell into class one (not gay) and 9% fell
into class two (gay) (Table 2). Among not gay neighborhoods, around 41% of ZIP
codes fell into the lowest category (0%) for percent of male-male unmarried partner
households (Table 2). For the density of gay bars in not gay neighborhoods, 95.6% of
ZIP codes fell into the lowest category (<0.04 bars per 1,000 male population) (Table
2). For HIV prevalence among MSM, 27% of ZIP codes went into each of the three
lowest categories for not gay neighborhoods (<1.19, 1.19–<2.92, and 2.92–<5.26 per
1,000, respectively) (Table 2).
Of the Florida ZIP codes, 9% fell into class two (gay) (Table 2). About 36%
fell into the highest category (0.91–<6.2%) for percent male-male unmarried partner
households in gay neighborhoods (Table 2). Approximately 47% of ZIP codes fell
into the highest category (0.12–<2.98 bars per 1,000) for density of gay bars in gay
neighborhoods (Table 2). The highest percentage of ZIP codes were in the two
highest categories of HIV prevalence among MSM (16.59–<144.90 per 1,000 and
10.45–<16.59 per 1,000), which was 49.6% and 26.5%, respectively (Table 2).
Comparison with neighborhoods identified through LCA and websites
From the LCA, 818 ZIP codes were classified into class one (not gay) and 68
into class two (gay) (Table 3). From websites, 834 ZIP codes were identified as not
gay and 52 as gay (Table 3). Of the 52 ZIP codes identified from the websites as gay,
18 (34.6%) were also identified in the LCA (Table 3). The Cohen’s kappa coefficient
between these two measures was 0.2501, indicating fair agreement.
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Of the 68 gay ZIP codes identified by the LCA, 27 (39.7%) were in the
highest category of percent male-male unmarried households, 37 (54.4%) were in the
highest category of density of gay bars, and 41 (60.3%) were in the highest category
of HIV prevalence among MSM (data not shown). Of the 52 gay ZIP codes from the
websites, 11 (21.2%) were in the highest category of percent male-male unmarried
households, 12 (23.1%) were in the highest category of density of gay bars, and 14
(26.9%) were in the highest category of HIV prevalence among MSM (data not
shown).
Discussion
In this study, gay neighborhoods were identified in Florida using latent class
analysis with three variables: percent male-male unmarried partner households,
density of gay bars, and HIV prevalence among MSM. This study used a residential
measure of gay neighborhoods (percent of male-male unmarried partner households)
as in studies by Kelly et al. (2012), Carpiano et al. (2011), and Frye et al. (2010), and
added a social measure (density of gay bars) plus a second residential measure (HIV
prevalence among MSM). The LCA revealed two classes in the data with class two
(gay neighborhoods) including 9% of ZIP codes. Overall, there was little agreement
between the ZIP codes from the LCA and ZIP codes identified from websites
(0.2501), or between each of the variables. Of note, Wilton Manors and Miami
Beach are well-known historically gay neighborhoods in Florida and the ZIP codes
associated with these areas were correctly placed in class two (gay) by the LCA.
Additionally, Wilton Manors was listed in the websites.
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Limitations
Identifying gay neighborhoods is challenging due to conceptualization of gay
neighborhoods and problems inherent to the measures. First, gay individuals may be
choosing to live outside of historically gay neighborhoods, contributing to their deconcentration as sexual minorities disperse across cities (Spring, 2013; Ghaziani,
2014). Based on the 2010 census, fewer same-sex partners lived in historically gay
neighborhoods in 2010 than in 2000 or 1990 (Ghaziani, 2014). Second, ZIP codes
are a relatively large geographic area. Unfortunately, HIV prevalence by census tract
was not available for this analysis, but even census tracts may have been too large an
area. Census tracts contain up to 8,000 people while ZIP codes can exceed 100,000
people (Proximity one, 2019). Third, no research has come up with established and
validated cutoffs for classifying neighborhoods as gay versus not gay using census
data (Kelly et al., 2012; Carpiano et al., 2011; Frye et al., 2010). Fourth, two of the
measures are based on with residence (i.e., male-male unmarried households and HIV
prevalence) and one on entertainment (gay bars). People do not necessarily socialize
in the same ZIP code where they live (Vaughan et al., 2017). The LCA was
attempted using just the two residential variables, but the entropy was unacceptably
low (0.61). Fifth, trying to identify gay neighborhoods through websites is
problematic. Some websites listed entire metropolitan areas as gay. Metropolitan
areas were excluded from the list of gay ZIP codes from websites because it is
unlikely that all ZIP codes in a metropolitan area are gay. Therefore, the website list
of gay ZIP codes used in this study may not be comprehensive.
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Conclusions
This study used LCA to identify gay neighborhoods at the ZIP code level in
Florida using the percent of male-male unmarried partner households, density of gay
bars, and HIV prevalence among MSM. Gay neighborhoods identified through LCA
had fair agreement with information obtained from websites. Men who live in gay
neighborhoods could be at increased risk of engaging in a subculture that promotes
unhealthy activities or risk taking (Kelly et al., 2012). Lesbian, gay, bisexual, and
transgender individuals experience unique forms of stress due to discrimination,
which can have a negative effect on mental and physical health (Frost, Meyer, &
Schwartz, 2016). This stress could be lower in gay neighborhoods due to less
discrimination. Historically gay neighborhoods, such as Wilton Manors or Miami
Beach in Florida, could be a place to direct prevention resources and offer
information about PrEP and treatment as prevention to achieve viral suppression.
Social networks in gay neighborhoods could also be used to promote health. The US
Census Bureau is planning to ask questions about same-sex spouses in addition to
unmarried partners in the 2020 Census and the American Community Survey (US
Census Bureau, 2018). Future studies could use these questions to get a more
complete picture of gay neighborhoods.
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Tables and figures
Table 1. Distribution of ZIP codes among levels of percent male-male households,
density of gay bars and HIV prevalence among men who have sex with men, Florida
Percentile of ZIPsa
Number of ZIP codes
(%)
Percent male-male households
2011–2015
≥95%
44 (5.0)
0.91–<6.2
≥90–<95%
44 (5.0)
0.66–<0.91
≥75–<90%
134 (15.1)
0.34–<0.66
≥50–<75%
221 (24.9)
0.14–<0.34
≥25–<50%
107 (12.1)
>0–<0.14
<25%
336 (37.9)
0, lowest
Density of gay bars (number bars
per 1,000 male population)
0.12–2.98, high
≥95%
45 (5.1)
0.04–<0.12, moderate
≥90–<95%
44 (5.0)
<0.04, low
<90%
797 (90.0)
HIVb prevalence among MSMc in
2016 (number cases per 1,000
≥95%
43 (4.9)
male population)
16.59–144.90, highest
≥90–<95%
45 (5.2)
10.45–<16.59
≥75–<90%
130 (14.9)
5.26–<10.45
≥50–<75%
217 (24.9)
≥25–<50%
219 (25.1)
2.92–<5.26
<25%
217 (24.9)
1.19–<2.92
<1.19, lowest
Abbreviations:
a

ZIP, zone improvement plan

b
c

HIV, human immunodeficiency virus

MSM, men who have sex with men
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Table 2. Distribution of categories for male-male households, density of gay bars and
HIV prevalence among men who have sex with men in each latent class, Florida
Class 2
Class 1
(percentage of
(percentage of
ZIP codes in
ZIP codes in
category)
category)
a
Percent of ZIP codes
0.9099
0.0901
Percent male-male households 2011–2015
0.91–<6.2, highest
0.0186
0.3613
0.66–<0.91
0.0416
0.1309
0.34–<0.66
0.1395
0.2693
0.14–<0.34
0.2591
0.1527
>0–<0.14
0.1273
0.0554
0, lowest
0.4140
0.0305
Density of gay bars per 1,000 male
population
0.0090
0.4706
0.12–2.98, high
0.0353
0.1943
≥0.04–<0.12, moderate
0.9558
0.3352
<0.04, low
HIVb prevalence among MSMc in 2016
(number cases per 1,000 male population)
16.59–144.90, highest
0.0040
0.4962
10.45–<16.59
0.0300
0.2652
5.26–<10.45
0.1468
0.1733
2.92–<5.26
0.2686
0.0575
1.19–<2.92
0.2765
0.0046
<1.19, lowest
0.2741
0.0032
Abbreviations:
a

ZIP, zone improvement plan

b
c

HIV, human immunodeficiency virus

MSM, men who have sex with men
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Table 3. Comparison of ZIP codes identified from latent class analysis and websites,
Florida

LCAa class 1 (not
gay)
LCA class 2 (gay)
Total
Abbreviations:
a

Websites Not
Gay (column
percent)
784 (94%)

Websites Gay
(column
percent)
34 (65.4%)

Total

50 (6%)
834

18 (34.6%)
52

68
886

LCA, latent class analysis
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Estimating the size of HIV-negative MSM population that would benefit from
pre-exposure prophylaxis in Florida
Abstract
This study aimed to estimate the size of the population of men who have sex with
men (MSM) in Florida with high-risk behaviors that would indicate eligibility for preexposure prophylaxis (PrEP) use. Three methods were used to estimate the MSM
population in Florida. Estimates from the three methods were averaged, and the
number of MSM living with HIV in each zone improvement plan (ZIP) code was
subtracted. The average MSM estimate was 1–2,184 men (1.5–22.9%) by ZIP code.
The size of the MSM population with indications for potential PrEP use was highest
when using estimates of MSM with more than one sex partner in the past year
obtained from the National HIV Behavioral Surveillance system and lowest when the
MSM estimate was multiplied by 24.7% (percent of MSM with PrEP indications
from other studies). Areas with high numbers of MSM with PrEP indications could
be targeted with information to reduce HIV acquisition.
Keywords: MSM, population estimation, ZIP code, PrEP
Introduction
Florida was third in the United States (US) for HIV diagnosis rates in 2017
(including Washington, DC) (CDC, 2018). In Florida in 2017, 63% of persons who
received a new HIV diagnosis were men who have sex with men (MSM) and 54% of
those living with an HIV diagnosis were MSM (Florida Department of Health, 2019).
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Men who have sex with men can be at high risk for HIV, but accurate estimates of the
size of this population are hard to obtain because census systems typically do not ask
about sexual behavior or attraction (Wesson et al., 2017; Purcell et al., 2012).
Challenges include stigma concerns and measurement issues, which can limit study of
sexual orientation domains (e.g. behavior, identity, or attraction) (Wesson et al.,
2017; Purcell et al., 2012). Population-based methods use the size of the general
population combined with percentages of men reporting same-sex experience,
attraction, or identity from national health surveys, and male-male unmarried partner
household data from the US Census Bureau to produce MSM population estimates
(Wesson et al., 2017; Grey et al., 2016).
Rural MSM may face barriers to accessing HIV prevention services and
treatment more than those living in urban areas (Hubach et al., 2017). A recent study
indicated that MSM in rural areas do not believe HIV is a local threat and do not
engage in HIV risk reduction (Hubach et al., 2017). Additionally, MSM who live in
rural areas may have limited access to newer HIV prevention tools, such as preexposure prophylaxis (PrEP) (Hubach et al., 2017).
Pre-exposure prophylaxis was approved by the Federal Drug Administration
in 2012 and has been shown, if used daily, to reduce HIV transmission by 92%. In
2014, the US Public Health Services released guidelines for PrEP use among highrisk groups (US Public Health Service, 2014). The National HIV/AIDS Strategy and
the Ending the Epidemic Plan strive to increase HIV prevention efforts among highrisk populations, such as MSM and expand access to effective prevention services,
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such as PrEP (Office of National AIDS Policy, 2015; Fauci et al., 2019). Since MSM
bear the burden of HIV diagnoses across the nation, it is beneficial to assess the size
of the at-risk MSM population and their geographic distribution so that prevention
programs can be tailored towards MSM. This purpose of this study is to estimate the
size of the MSM population in Florida with indications for PrEP use.
Methods
Study population and datasets
Data from Florida’s enhanced HIV/AIDS Reporting System (eHARS) were
used to obtain the number of people living with an HIV diagnosis whose mode of
transmission was MSM or MSM and injection drug use (IDU) by ZIP code. The
2011–2015 American Community Survey (ACS) was used to obtain neighborhoodlevel data using ZIP codes in Florida (US Census Bureau, n.d.). Rural-urban status of
ZIP codes was obtained from the University of Washington and was based on
categorization C of Version 2.0 Rural-Urban Categorization data codes (WWAMI
Rural Health Research Center, n.d.). Data from eHARS and neighborhood-level data
were merged by ZIP code.
Estimation of the MSM population
The size of the MSM population in each ZIP code was estimated using three
methods. The first used the number of male-male unmarried partner households in
the ZIP code obtained from the ACS (US Census Bureau, n.d.). The second method
multiplied the expected proportion of MSM among men (3.9% from Purcell et al.,
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2012) by the number of men aged 15 and older according to the 2015 ACS (Purcell et
al., 2012; US Census Bureau, n.d.). The third method is an adaptation of Lieb et al.
(2009) method where more recent data were used (2011–2015 ACS and 2011–2015
National Survey of Family Growth) (US Census Bureau, n.d.; CDC, 2017a). The
calculation can be found in Supplementary Table 1.
The number of MSM calculated from these three approaches were averaged
for each ZIP code to provide an estimate of the MSM population in Florida. The
number of men with a mode of HIV transmission listed as MSM or MSM/injection
drug users (IDU) (from eHARS) in a ZIP code were subtracted from the average
MSM estimate to obtain the number of presumed HIV-negative MSM.
Indications for PrEP
Smith et al. (2015) proposed a method to estimate the number of persons with
indications for PrEP among MSM using the 2014 guidelines from the US Public
Health Service and data from the National Health and Nutrition Examination Survey
(NHANES) (Smith et al., 2015; US Public Health Service, 2014). The method entails
estimating the number of MSM who have not been diagnosed with HIV, the number
having sex with two or more men in the past twelve months, and the number with at
least one of the following: a) any reported condomless sex in the past twelve months,
b) sexually transmitted infection diagnosis in the past twelve months, or c) HIV status
of partners that could not be established (Smith et al., 2015). This resulted in 24.7%
(Smith et al., 2015). In the present study, the estimated number of presumed HIVnegative MSM in Florida were multiplied by the percent for each indication from the

78

National HIV Behavioral Surveillance System (NHBS) (CDC, 2014). The
percentages from NHBS were 77%, 57%, 8.8%, and 39%, respectively (CDC, 2014).
The results were then compared with those from Smith et al. (2015).
Analysis
The estimates of the average number of MSM, of presumed HIV-negative
MSM, and of PrEP eligible MSM by ZIP code were divided by the number of adult
males in each ZIP code to obtain a percentage. This process was repeated for
rural/urban status and county. The Florida International University Institutional
Review Board (IRB) and Florida Department of Health IRB approved this study.
Results
Estimation of the MSM population in Florida
Ninety-seven ZIP codes were excluded because they have no permanent
residential population, leaving 886 for analysis. The three methods, data sources,
calculations, and range of estimates are listed in Table 1. When the three methods
were averaged, the range of MSM was 1–2,184 men with a median of 259 men
(Table 1). The number of presumed HIV-negative MSM in a ZIP code ranged from
1–1,346 men, with a median of 219 (Table 1).
Table 2 depicts the estimates for the ZIP codes, rural/urban areas, counties,
and the state. The largest estimate was obtained for MSM with more than one sex
partner in the past year (PrEP indication 1; 166,577 for the state). The estimate
obtained using the percent of MSM with PrEP indications obtained from NHANES
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(24.7%) was 67,226, approximately half of the estimate using just PrEP indication 1
obtained using the prevalence of indications obtained from NHBS (Table 2). The
average MSM estimate, presumed HIV-negative MSM estimate, and estimates for
PrEP indications were higher in urban than rural areas (Table 2).
Discussion
Three methods were used to estimate the MSM population in Florida, which
can reduce variability of using a single method. Three other studies have estimated
MSM in Florida, but not at the ZIP code level or by presumed HIV-negative and
PrEP eligible MSM. One study estimated MSM in the Miami metropolitan statistical
area (MSA) and the others were at the state level (Lieb et al., 2007; Lieb et al., 2009;
Lieb et al., 2011). Each of these studies found that approximately seven percent of
men in Florida were MSM (Lieb et al., 2007; Lieb et al., 2009; Lieb et al., 2011).
The current study found that 1.5–22.9% of men were MSM by ZIP code.
Three studies have estimated MSM who are eligible for PrEP using a national
estimate (Smith et al., 2015; Smith et al., 2018; Donnely et al., 2019). Smith et al.
(2015) used NHANES data to estimate the percentage of MSM with indications for
PrEP (Smith et al., 2015). Smith et al. (2018) used an estimate of MSM at the state
level from Grey et al. (2016) (Smith et al., 2018). Donnely et al. (2019) estimated
MSM with PrEP indications by counties in Colorado (Donnely et al., 2019). The
present study differed from these others in that it directly estimated MSM in Florida
ZIP codes using three methods and data on PrEP indications were derived from
NHBS. This yielded a higher percent of MSM with behavioral indications for PrEP
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use than the estimate used by Smith et al (24.7%) which is based on NHANES data.
Participants for the MSM cycle of NHBS are recruited from venues frequented by
MSM such as bars and clubs (CDC, 2019). The NHANES survey examines a
nationally representative sample selected at random (CDC, 2017b). Thus, NHBS
may overestimate PrEP indications among the general MSM population.
Limitations
This study used survey and ACS data to estimate the size of the MSM
population, which are subject to limitations. Survey methods can have small sample
sizes, which may result in a broad range when the behavior is rare (Archibald et al.,
2001). The questions used to identify MSM or recall periods may not be consistent
across surveys, and people may be reluctant to self-report sensitive behaviors due to
stigma (Archibald et al., 2001; Purcell et al., 2012). This study used data on men
with an HIV transmission mode listed as MSM or MSM/IDU. This transmission
mode could be underreported due to stigma towards same-sex behavior (Glick &
Golden, 2010). A study from 2010 found that MSM with unfavorable attitudes
towards homosexuality were less likely to report ever having an HIV test than MSM
with more favorable attitudes (Glick & Golden, 2010). National estimates were
applied to ZIP code data for the Purcell method and PrEP indications. These may not
be representative of small geographic units and MSM could vary by location (Purcell
et al., 2012; Grey et al., 2016). Error in classification of male-male unmarried partner
households has been reported, which could affect the accuracy of the ACS estimates
(O’Connell & Feliz, 2011).
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Conclusions
Estimating the MSM population could help in the design and implementation
of programs to reduce new HIV infections in Florida Areas with high numbers of
MSM or PrEP eligible MSM could be targeted with information on HIV testing and
PrEP to prevent HIV infection. Having these estimates could help track progress
towards goals of the National HIV/AIDS Strategy and the Ending the Epidemic Plan
to reduce new HIV infections and expand access to prevention services, such as PrEP.
Future studies could look at awareness and uptake of PrEP using the estimate of PrEP
eligible MSM.
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Tables and figures

Table 1. Methods and estimates of the population of men who have sex with men in
Florida.
Method
Data source
Calculation
Median of
estimate
for ZIP
code
(range)
Male-male
2011–2015 ACSa
Number of male-male
11 (0–
unmarried
unmarried partners
540)
partners
Purcell et al.
3.9% from Purcell et
0.039 * men 15 and older
312 (3–
al., 2012, men 15 and
in ZIP code
1,216)
older from 2011–2015
ACS
Lieb et al.
2010 census, 2011–
Model A: %MSM ZIPb=
437 (0–
2015 ACS, 2011–2015 (rural male population ZIP 5,490)
National Survey of
* 0.01) + (suburban male
Family Growth
population ZIP * 0.04) +
(urban male population ZIP
* 0.09)
Model B:
1.MSM index= ZIP
(#SSMPc ZIP/#SSMP state
/( #households
ZIP/#households state)
2. Percent MSM ZIP=
(MSM index ZIP * %
MSM Model A ZIP).
3. Average %MSM ZIP=
(%MSM model A ZIP +
%MSM model B ZIP)/2.
4. Number of MSM ZIP=
average%MSM ZIP * adult
male population ZIP
Average of
(Male-male unmarried
259 (1–
male-male
partners estimate + Purcell 2,184)
unmarried
estimate + Lieb estimate)/3
partners, Purcell,
and Lieb
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HIVd negative
MSMe

Average estimate,
Average estimate – HIV
Florida Department of
positive MSM
Health for HIV positive

Abbreviations:
a

ACS, American Community Survey

b
c

SSMP, same-sex male partner

d
e
f

ZIP, zone improvement plan

HIV, human immunodeficiency virus

MSM, men who have sex with men

PrEP, pre-exposure prophylaxis
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219 (1–
1,346)

Table 2. Estimates of the percentage of the population of men who have sex with men in Florida

Average MSMb estimate
HIVc positive MSM
HIV negative MSM
HIV negative MSM * PrEPd
indication 1f
HIV negative MSM * PrEP
indication 2g
HIV negative MSM * PrEP
indication 3h
HIV negative MSM * PrEP
indication 4i
Average MSM estimate * 0.247j

ZIPa code median,
(range, %)
259 (1–2,184, 1.5–
22.9%e)
29 (1–1,782, 0.7–
99.8%)
219 (1–1,376, 0.02–
12.7%)
168 (0–1,037, 0–9.8%)
124 (0–767, 0–7.2%)
19 (0–119, 0–1.1%)
85 (0–525, 0–4.9%)
64 (0–540, 0.4–5.7%)

Rural-urban status
of ZIP code
rural: 1.5–7.4%
urban: 1.5–22.9%
rural: 1.1–96.8%
urban: 0.7–99.8%
rural: 0.05–5.6%
urban: 0.02–12.7%
rural: 0–5.1%
urban: 0–9.7%
rural: 0–3.7%
urban: 0–7.2%
rural: 0–0.6%
urban: 0–1.1%
rural: 0–2.6%
urban: 0–4.9%
rural: 0.4–1.8%
urban: 0.4–5.7

County

State estimate (%)

1,849 (130–30,118,
1.6–5.2%)
191, (15–13,482, 2–
79.5%
1,562 (58–24,695,
0.8–3.8%)
1,202 (45–19,015,
0.3–5.9%)
890 (32–14,076,
0.2–4.4%)
137 (5–2,173, 0.04–
0.7%)
609 (23–9,631, 0.2–
3.0%)
457 (32–7,439, 0.4–
4.7%)

272,171 (3.6%)

Abbreviations:
a

ZIP, zone improvement plan

b

MSM, men who have sex with men

c

HIV, human immunodeficiency virus

d

PrEP, pre-exposure prophylaxis

Notes:
e

Percentages obtained by dividing estimate by male population over 18 from ACS 2011–2015
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55,838 (20.5%)k
216,334 (2.9%)
166,577 (2.2%)
123,310 (1.6%)
19,037 (0.3%)
84,370 (1.1%)
67,226 (0.9%)

f

MSM with negative or unknown HIV status in the US who reported having more than one male sex partner in the past twelve
months(0.77) obtained from CDC HIV Surveillance Special Report, 2014

g

MSM with negative HIV status in the US who reported condomless anal sex with a main or casual partner during the past twelve
months (0.57) obtained from CDC HIV Surveillance Special Report, 2014
h

HIV negative MSM in US diagnosed with a sexually transmitted infection in the past twelve months (0.088) obtained from CDC
HIV Surveillance Special Report, 2014
i

HIV negative MSM in US who did not know the HIV status of their most recent male partner (0.39 obtained from CDC HIV
Surveillance Special Report, 2014
j

Percent of US MSM with indications for PrEP from Smith et al., 2015

k

These are reported cases of HIV and underestimate the actual number of people who are infected
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Conclusions
This dissertation sought to summarize population-based methods to estimate the
size of the population of MSM, identify gay neighborhoods using the percent of malemale unmarried partners, the density of gay bars, and HIV prevalence data for MSM
using LCA, and estimate the size of the MSM population in Florida by ZIP code,
rural/urban residence, county, and indications for pre-exposure prophylaxis (PrEP) use.
Knowing the size and location of the MSM population in Florida could be beneficial to
reducing the acquisition of HIV among this at-risk population.
Twenty-eight studies met the inclusion criteria for the systematic review. Seven
studies used surveillance data, eighteen studies used survey data, and six studies used
census data. Studies using surveillance data obtained the highest estimates of the MSM
population size while those using survey data obtained the lowest estimates. Sixteen
studies were conducted in the United States, five in European countries, two in Canada,
three in Australia, one in Israel, and one in Kenya. Men who have sex with men
accounted for 0.03% to 6.4% of men among all studies and ranged from 3.8% to 6.4% in
the US, 7,000 to 39,100 in Canada, 0.03% to 6.5% in European countries, and 127,947 to
182,624 in Australia. Studies also estimated the MSM population size by dimensions of
sexual orientation. In studies examining these dimensions, fewer people identified as
MSM than reported experience with or attraction to other men.
In the second study, a two-class model was selected based on fit statistics for
LCA. Data at the ZIP code level was drawn from the American Community Survey,
website lists of gay bars and neighborhoods, and the Florida Department of Health HIV
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surveillance system. About 9% of the ZIP code data was in class two, which was
designated as gay neighborhoods. Cohen’s kappa coefficient was used to examine
agreement between the classification of ZIP codes from LCA and websites. Fair
agreement was found (0.2501).
In the third study, three methods were used to estimate the MSM population in
Florida. Two methods used the number of male-male unmarried partner households
while the other used the expected proportion of MSM among men multiplied by number
of men aged 15 and older. The estimates from these methods were averaged, and the
number of MSM living with HIV infection in each ZIP code was removed. National risk
estimates from NHBS were applied to the number of presumed HIV-negative MSM to
obtain PrEP eligible MSM. The average MSM estimate in ZIP codes ranged from 1–
2,184 men (1.5–22.9%). Indications for PrEP were highest for MSM with more than one
sex partner in the past year and lowest when the estimate was multiplied by 24.7%.
Estimating populations at risk for HIV infection is a priority for international
organizations, such as the World Health Organization (Wesson et al., 2017). Knowing
the size and location of the MSM population is important to interpret HIV and STI
surveillance data, and to appropriately allocate resources and target prevention programs
such as PrEP. Having these estimates could help track progress towards goals of the
National HIV/AIDS Strategy and the Ending the Epidemic Plan to reduce new HIV
infections and expand access to prevention services. Historically gay neighborhoods,
such as Wilton Manors or Miami Beach in Florida or areas with high numbers of PrEP
eligible MSM, could be a place to direct these prevention resources and programs.
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The data used in this dissertation is subject to limitations. Survey data can have
small sample sizes, which may result in a broad range when the behavior is rare
(Archibald et al., 2001). The questions used to identify MSM or recall periods may not
be consistent across surveys, and people may be reluctant to self-report sensitive
behaviors due to stigma (Archibald et al., 2001; Purcell et al., 2012). Error in
classification of male-male unmarried partner households has been reported, which could
affect the accuracy of census estimates (O’Connell & Feliz, 2011). No research has come
up with established and validated cutoffs for classifying neighborhoods as gay versus not
gay using census data (Kelly et al., 2012; Carpiano et al., 2011; Frye et al., 2010). Trying
to identify gay neighborhoods through websites is problematic. Some websites listed
entire metropolitan areas as gay. Metropolitan areas were excluded from the list of gay
ZIP codes from websites because it is unlikely that all ZIP codes in a metropolitan area
are gay. Therefore, the website list of gay ZIP codes used in this study may not be
comprehensive. National estimates were applied to ZIP code data for estimating MSM.
These may not be representative of small geographic units and MSM could vary by
location (Purcell et al., 2012; Grey et al., 2016). At present there is no agreed upon
method to estimate the size of the MSM population or PrEP eligible MSM. Given the
limitations of each source of data, census, surveillance, and survey, it would be prudent to
consider multiple sources to provide a possible range of estimates as opposed to rely on
one source.
The US Census Bureau is planning to ask questions about same-sex spouses in
addition to unmarried partners in the 2020 Census and the American Community Survey
(US Census Bureau, 2018). Future studies could use these questions to get a more
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complete picture of the size and location of the MSM population. Future studies could
also look at awareness and uptake of PrEP in Florida using the estimate of PrEP eligible
MSM.
The study findings highlight the importance of having an estimate of the size and
location of the MSM population in Florida for planning HIV/STI prevention efforts. Gay
neighborhoods and areas with high numbers of MSM or PrEP eligible MSM could be
targeted with information on the importance of PrEP to prevent HIV infection in Florida,
a state where 63% of persons who received a new HIV diagnosis were MSM and 54% of
those living with an HIV diagnosis were MSM in 2017 (Florida Department of Health,
2019).
In conclusion, there is no widely accepted method to estimate the size of the
MSM population, and estimates vary substantially based on the method used. Therefore,
it would be prudent to consider a range of estimates in planning HIV prevention efforts.
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